
assic Dcscriptio 
oj Disease 




LtJGDTJITI BAIjW'OB.TJM . 
COKNELimiBoTJTESTETNETlOILDAANUM; L tTCHTMANS 


: _ i£.DC.XCIVr.„_ - ; Ll_J 

This is the Froxtispiece to the second edition of Dekkers’ Exerdlaliones practicae circa Medendi 
Methodum, Leyden, 1694. Here the artist Joseph Mulder has depicted some of the gods of classical 
antiquity as well as diseases described and treated by the author. In the background we see an 
ancient temple. On the wall facing us stand Apollo, father of Asclepios, with his lyre. Aphrodite 
mother of the world, and Clotho, one of the Fates, holding the distaff in her left hand. Behind a 
column crouches Time, with a scj'the in his right hand and an hour-glass in his left, ready to strike 
down the man who has lived his allotted span of years. In the foreground walks Asclepios touching the 
sick with his rod, around which a single serpent is coiled, the insignia since of the medical profession. 
Beside him the artist has placed a cock, since cocks were the favorite animals used in sacrifices to 
Asclepios. .Among the various diseases shown are arthritis, rickets, abdominal cysts, hydrocele, and 
tumors of the legs and buttocks. On the pillars and walls hang various surgical instruments, including 
a cupping glass and a long tube for insufflating tobacco smoke into the rectum. The instruments, 
as well as the patients, are described and illustrated in the book. 
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To My Father 


to whom I owe many things, 
among them an interest in the 
thoughts and language of others. 




PREFACE TO THE SECOND EDITION 

Every author is grateful for the opportunity which the preparation of the 
second edition affords him of correcting certain errors and omissions. I am 
deeply appreciative of the assistance rendered me by many friends in calling 
certain mistakes to my attention and in suggesting improvements. 

In this second edition of Classic Descriptiotis of Disease new sections cover- 
ing malaria and yellow fever have been included as well as additional readings 
and illustrations. Many of the biographical sketches have been rewritten and 
the index has been revised and enlarged. I hope these changes will commend 
themselves to the reader. 

It is again a pleasure to express my appreciation of Mr. Thomas’ assistance, 
encouragement and advice. 

R.H.M. 


PREFACE TO THE FIRST EDITION 

The nucleus of this selection of classic accounts of disease was collected part- 
ly because of personal interest in the subject and partly for use in teaching. The 
value of referring students to classic accounts of disease has been stressed by 
many of our greatest clinicians, in our own generation notably by Sir William 
Osier. When, in the clinic, Corrigan’s description of the pulse in aortic in- 
sufficiency is read while a patient suffering from this disease is presented, the 
pulse itself is no longer a mere name, but becomes endowed with a definite 
personality. When we read in our library Heberden’s original description of 
angina pectoris, we cannot but have the thought that if physicians read this 
account more frequently fewer mistakes in the diagnosis of this condition would 
occur. 

The appearance of Long’s Readings in Pathology suggested the possibility of 
expanding my own selections until they attained the dimensions of a sizeable 
volume and after the later appearance of Fulton’s Selected Reading in the 
History of Physiology, the idea took definite form. Mr, Thomas, to whom the 
manuscript was submitted, has not only undertaken the responsibility of its 
production but has been of the greatest possible assistance in the completion 
of the task. It is a great pleasure to acknowledge his cooperation and assistance 
and to express my appreciation of his interest, enthusiasm, and rare good taste. 

My obligations are many to many, both books and persons. My greatest of 
the former is the assistance received from F. H. Garrison’s History of Medicine. 
This mine of historical information, sb replete with that accuracy and detail 
which we admire so much in our Teutonic colleagues, is now with American 
students the starting point of almost every investigation in the history of 
medicine. I have also obtained much aid from Professor Hermann Vierordt’s 
Medizin-Geschichliches Hilfshuch, a very valuable work which deserves a far 
wider use in this country. I have also consulted frequently Haeser’s Geschichte 
der Medizin, Pagel and Neuburger’s Handbuch der Geschichte der Medizin, 
Munk’s Roll of the Royal College of Physicians of London, Bettany’s Eminent 
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Doctors, Castiglioni’s Histoire de la medecme, Sigerist’s Grosse Arzte, Camac’s 
Epoch-making Contributions , Victor Robinson’s Pathfinders in Medicine, Ruh- 
rah’s Pediatrics of the Past and Still’s History of the Paediatrics. The biographi- 
cal details have been obtained from the above works, from medical journals, from 
the Dictionary of National Biography, the Allgemeine Deutsche Biographie, the 
Biographic Universelle, the Lexikon hervorragender Arzte and in many instances 
from biographical works which are mentioned in the text, 

I am equally under deep personal obligations to certain individuals. Colonel 
F. H. Garrison, with whom I have discussed this book, has given me many in- 
valuable suggestions, has supplied me with data and selections and shown me 
many other favors for which I am deeply grateful. Sir Humphry Rolleston has 
taken the pains to go over the plan and outline of this work and I wish to express 
my appreciation of his assistance and the splendid helpful suggestions he has 
made. Much additional aid also he has unconsciously given in his historical 
papers, particularly in the Annals of Medical History, from which much bio- 
graphical data has been obtained. Dr. Arnold Klebs has aided me very ma- 
terially in his helpful suggestions and his interest and encouragement are deeply 
appreciated. My old friend of Heidelberg days, the late Dr. Erich Ebstein, has 
aided me greatly in the preparation of this book. His unexpected death while 
at the height of his powers has been a great loss to medicine, and saddened his 
many friends who will long remember the genial doctor with his inexhaustible 
fund of medical anecdotes, his prodigious memory for events and his encyclo- 
pedic knowledge of medical history which was ever at the command of his col- 
leagues. Dr, Ernest Wickersheimer has aided me materially in his suggestions 
and references to accounts worthy of inclusion, and I am also under obligations 
to Dr. Henry Barton Jacobs. To my friend Dr. Logan Clendening, I owe more 
than he would care to have me mention. He has supplied me with pictures, 
translations, biographies, and has had the rare courage to go over the manu- 
script in its unfinished state, and to give the most sane and constructive criticism. 
Finally I wish to express to Colonel P. M. Ashburn, librarian of the Surgeon 
General’s Library, my sincere appreciation of his unfailing courtesy in supply- 
ing numerous selections and photographs and in guiding my path while visit- 
ing the library. 

I am also under great obligations for the use of materials and pictures, to the 
editors of the American Journal of Medical Sciences, the Boston Medical and 
Surgical Journal, the Bulletin of the Johns Hopkins Hospital, the British Medical 
Journal, the Edinbitrgh Medical Journal, the Lancet, the Munchener Medi- 
zinische Wochenschrift and to the Royal College of Physicians in London, the 
Royal College of Physicians in Dublin, the University Press in Manchester, the 
Oxford Press, the British Museum, and Paul B. Hoeber, Inc, I wish also to 
make grateful acknowledgement to Miss Opal Woodruff, librarian of the Uni- 
versity of Kansas School of Medicine, and to Mrs. Rose Hibbard, librarian of 
tlie Jackson County (Missouri) Medical Society who have aided me in many 
ways. 

In collecting an anthology of this kind certain selections obviously are in- 
cluded and others omitted. The selections are chosen because of their interest 



PREFACE 


xi 


in being eitlicr the first knowi. one of the earliest, or one of the most in- 
teresting accounts of the disease in question. Some sections of the book are so 
spar.'jcly represented lliat they seem inadequate wlule otliers seem so fully 
represented as to be almost overdone. This is inevitable, however, since some 
diseases have more interesting and more extended histories than others and 
also because of personal taste, or bias, if you will, in the selection of authors. 

In sections on infectious diseases one mi.sses an account of the discoveries 
of Koch. Schnudinn, Kitasato, Bordet, Wassermann, and of that many-sided 
genius k'dwin Klebs. who saw the typhoid bacillus before Ebcrth, the diphtheria 
bacillus before Loftier, and who inoculated monkeys with syphilis before 
Metchnikoff. Such discoveries belong, however, to the field of bacteriology, and 
thet^c .“^elections deal in the main with clinical medicine. The subject of thera- 
peutics has not bcet\ included except in a few instai\ccs, where they seemed to 
round out unusually well the history of the disease in question. Neurological 
selections have been omitted for the rea.'^on that their interest and number are 
sufficient to form an independent scries. 

Unless otherwise indicated. I am re.«ponsible for the translations into Eng- 
li.di. In making tran.dations from the Latin I have had in several instances the 
advantages of comparison with a French or German translation. Mistakes 
have probably crept in. since in many places it is difficult to be sure just what 
thought some Italian. Frenchman, or Spaniard writing in medieval Latin was 
trying to express, and at times a tran.dator almost wonders if the author himself 
knew, particularly when he indulges in flights of speculation. In general, how- 
ever, I believe the thought of the autlior lias been reproduced with accuracy. 
Considerable liberty has been taken in paragraphing the accounts of the old 
author.? since the modern render is almost invariably appalled by the contem- 
plation of a solid sheet of printed matter with no indentations or paragraphs. 
Such liberty, however, has not, I believe, interfered with the sense of the author 
or with Iiis continuiU' of thought. 

In conclusion I hope this book will not merit the reproof of Dr. Samuel 
Johnson, who is reported to have remarked after reading Cadogan’s Dhserta- 
tion oil the Gout, that “all that is good he stole, all the nonsense is evidently 
his own.” 
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Twelve years have passed since the first edition of this book appeared. 
Since then, many notable figures in the history of medicine have died, Professor 
Karl Sudhoff, Colonel Fielding Garrison, Doctor Arnold Klebs and Sir 
Humphry Rolleston, to mention only a few. From these men, all interested in 
the history of medicine have received much inspiration, and their passing leaves 
us with a sense of deep personal loss as well as with the realization of an 
irreparable loss to medicine. Their contributions to the history of medicine are 
a part of medical history itself, and as we look back over these years, they 
seem from the prospective of today to have been perhaps the golden age of 
medical history. The work of these men stimulated an interest in the history 
of medicine which has grown steadily from year to year. Fortunately, many 
stalwarts of this generation still remain to carry on the unfinished work of 
these men and a new generation is rising who will keep alive their enthusiasm 
and their love for this field of medicine. 

In this third edition, several new selections have been added and the book 
has been provided with a bibliography which I hope may prove helpful. In 
the preparation of this edition I am deeply indebted to Dr. George Blumer, 
Dr. Henry Sigerist and Dr. Ludwig Edelstein. To my old friend and colleague. 
Dr. Logan Clendening, who patiently watched the gestation of this book, as- 
sisted at its birth and has thoughtfully and tenderly nursed its growing pains 
as it proceeded to later editions, my deepest gratitude ! 
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DIAGNOSIS 

'1 he symptoms of duodenal ileus are often misinterpreted, so that a 
correct diagnosis is not made until the duodenum is exposed during an 
cxjdoratory ojicration, Kven the roentgen ray may not clearly define 
the condition. 

W'hcn patient.s with visceroptosis complain of the symptoms listed 
above the j»rcseuce <»f duodenal ileus should be suspected. The vomiting 
of large amounl.s of bile stained fluid with evidence of retention, espe- 
cially if associated with severe headaches, should arouse suspicion if other 
pathologic conditions can be ruled out. Barker lays stress on the exami- 
nation oi the vf»mitus for the presence of bile and pancreatic juices, as 
he slates that the tluci.s em[uy into the duodenum and the presence of 
the juices in the vomit us would be evidence of regurgitation from the 
duotlcmun. As we kiunv, the duct of Santorini opens above and in 
front of the Cftmuitm tlucl and the main pancreatic duct. Thus, if an 
obstrtiction lies between these two ducts there would be pancreatic 
ferments but no Idle in the vomitus. The presence of pancreatic fer- 
ments is tested by fibrin digestion. The acid present in the fluid is 

neutralized and the fluid is then rendered slightly alkaline. A flake of 

fibrin staineci with magenta red is then placed in the solution and 
incubated. If the fibrin is digested the fluid becomes red. 

Mayes '■* .suggests that the presence of tympany in an area behind 
the right rectus muscle and to the right or posterior to the pylorus 

between the transverse colon and liver indicates dilatation of the 

duodenum. 

Zade •* cmpba.sizcd the value of the stomach tube for diagnosis as it 
makes it jiossiblc to differentiate between an hour glass stomach and a 
dilated duodenum in cases in w'hich the symptoms suggest either of these 
conditions. His method is to compare the amount of water passed into 
the stomach through a stomach tube with the amount siphoned off, this 
procedure being followed by studying the tympanitic area on the 
abdomen. He found that in cases with pyloric relaxation and a dilated 
duodenum the pouch, wbicb became filled with the residual water after 
the stomach was emptied, was well to the right of the midline. 

The history and physical findings are important as has been shown 
by the fact that in a few of our cases a correct diagnosis was made 
before the rocnlgcn-ray examination, but roentgen-ray and fluoi'oscopic 
examinations are of considerable value in many cases. Sometimes evi- 
dences of antiperistalsis with regurgitation of the barium meal into the 
stomach or of duodenal stasis may be secured by the fluoroscope, while 

51, Hayes, W. V.: A Few Signs Helpful in the Diagnosis and Management 
of Chronic Intestinal Stasis with Some Suggestions as to Treatment, Internat- 
J. Surg. 27:134-136, 1914. 
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only a questionable roentgenogram is obtained. It should be realized 
that a pathologic condition may be present in the duodenum even if the 
duodenal cap fills perfectly. To eliminate duodenal stasis the duodenum 
should be observed at intervals for a period of from twenty to forty-five 
minutes. In many instances enteroptosis or gastroptosis render visual- 
ization of the third portion of the duodenum difficult and a lateral view 
must be taken to secure a good picture. 

Obstruction of the second portion is more readily visualized as the 
dilatation is frequently above the transverse colon and is seen at the 
right of the stomach. 

Delay in the passage of barium through the duodenum (duodenal 
stasis) is suggestive especially if the duodenum is constantly visible. 
Hayes’ technic for visualization of the duodenum should be used in 
suspected cases. 

Of course in all cases of acute dilatation of the stomach the condi- 
tion should be suspected and an attempt should be made to see whether 
change of posture will relieve the symptoms. 

TREATMENT 

Many cases of arteriomesenteric ileus progress satisfactorily with 
nonoperative therapy. As has already been suggested, the knee-chest 
position may give relief ; lying on the abdomen also relieves the mesen- 
teric pull. Lying on the right side with the hips elevated tends to 
facilitate duodenal elimination and diminishes traction on the mesentery 
across the duodenum. 

The knee-chest position should be assumed for fifteen minutes out of 
every two hours. Mechanically this relieves compression on the duo- 
denum as the interior abdominal wall tends to bear the weight of tlie 
viscera. Duodenal lavage with the duodenal tube is of value. Carbo- 
hydrates should be prescribed and in general the diet should be of high 
caloric value and low in ferments. A corset should be applied (with the 
patient in the heel-shoulder position in cases of enteroptosis). Exercises 
for the strengthening of the abdominal wall should be insisted on. 

If adequate medical treatment fails to alleviate the discomfort a 
duodenojejunostomy should be performed. 

DUODENOJEJUNOSTOMY ( CHILE TECHNIc) 

In a duodenojejunostomy (Crile technic) the transverse mesocolon 
is exposed and the duodenum is exposed by an opening over its tliird 
part. 

Tlie anterior wall of the duodenum is picked up with Ally’s clamps 
(care being taken that it is entirely free). The jejunum also is picked 
up with Ally’s clamps, from approximately 7 to 10 cm. from the fossa 





16 


ARCHIVES OF SURGERY 


does not pass through the dilated pylorus and that therefore some’, 
stasis will be present in the dilated duodenum. 

Other surgeons recommend resection of the right colon combined 
with an ileostomy which may be performed with safety in one stage. 
The end-results in these cases are also satisfactory. 

In reviewing the opinion of various physicians and surgeons we 
find that duodenojejtmostomy is favored by Barker, Bloodgood, Crile, 
Jones, Lower, Stavely, Tinkham, Vanderhoof and Wilkie, and that 
most surgeons agree that duodenojejunostomy is the method of choice 
if the obstruction is due to the mesentery. If the obstruction is due to 
adhesions they should be separated bj^ sharp dissection, and if the 
duodenum is atonic a duodenojejunostomy also should be performed. If 
coloptosis is present resection may be deemed advisable. Robinson has 
reported three cures after gastro-enterostomy. 

Results 


No Improved but Corn- 

Number of Improve- Too Early for plete No 


Treatment Cases ment Improved Conclusions Belief Beport 

Medical.., 31 2 19 2 1 7 

Medical and surgical... 3 .. 1 .. 2 .. 

Surgical 20 .. 7 1 12 


Three additional cases have been diagnosed; two of the patients are to return for opera- 
tion; medical treatment was reconunended for the third. 

COMPLICATIONS 

^^'’ilkie states that ulcers may be associated with dilatation of the 
duodenum and reports three cases. I am reporting five such cases. 

Kellogg and others believe that the stasis predisposes to ulceration. 
Codman cites Tiirck’s studies of the effects of feeding food saturated 
with Bacillus colt to dogs. In twelve cases ulcers of the stomach and 
duodenum developed. He raises the question as to whether bacterial 
growtli favored by stasis might not act similarly. 

Cholecystitis or pancreatitis due to ascending infection along the 
ducts may occur. 

MORTALITY 

In our series there have been no deaths that could be directly 
attributed to surgical inten^ention. In one case in which miliary tubercu- 
losis was found at operation, die patient died later from Addison’s dis- 
ease. In another case death was due to carcinoma of the sigmoid. 
The cases in which persistent vomiting necessitated surgical procedures 
progressed favorably. 

In ever}- case in which duodenojejunostomy was performed, except 
that of the patient who died of Addison’s disease, complete relief was 
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obtained. In one case in which gastro-enterostomy was performed, 
periodical attacks of vomiting have continued so that a duodenojejunos- 
tomy will he performed later. 

Thirty-four patients have been treated medically. In three cases 
among the.se the persistent A'omiting necessitated an operation. Two 
patients were im])roved to such an extent that operation was not 
deemed necessary ; in one case the symptoms were completely relieved. 
Seven patients have failed to answer the letter of inquiry regarding 
their present condition, and a few patients have improved, but sufficient 
time has not elapsed to warrant definite conclusions regarding their 
status. 

CONCLUSION'S 

Chronic duodenal ileus is not a rare condition and there are undoubt- 
edly many cases that have not been diagnosed. On account of the 
severe headache associated with this condition a diagnosis of migraine 
is usually made ; some patients have been treated for migraine for years 
and have passed through the clinics of excellent diagnosticians in a 
search for relief. In all cases of severe headache associated with 
vomiting a careful examination of the duodenum should always be made. 

In cases in which the dilatation is insufficient to produce duodenal 
stasis and is associated with gastroptosis, an effort should be made to 
secure relief by nonoperative measures. If the dilatation is marked and 
stasis with antiperistalsis is present, a duodenojejunostomy should be 
performed. The mortality for duodenojejunostomy is practically nil and 
excellent results may be expected. Resection of the right colon is 
indicated in few cases and should be performed only as a last resort. 
Gastro-enterostoni)' should not be performed, as the stasis in the duo- 
denum is not relieved and a vicious circle is established. A careful 
roentgen-ray examination of the duodenum should be made and a correct 
preoperative diagnosis established. A comprehensive history and a 
careful ph3'sical examination may suffice to make a correct diagnosis 
which, however, should be verified by roentgen ray. Dilatation of the 
duodenum is a clinical entity and a characteristic picture is present in 
most of the cases. 

REPORT OF CASES 

PATIENTS RECEIVING MEDICAL TREATMENT ONLV 

Case 1. — woman, aged 24, came to the clinic because of pain in the 
stomach. For the preceding two years she had suffered from pain in the 
abdomen, which often occurred from three to four hours after meals. On 
account of the formation of gas she was unable to eat meats, acids or carbo- 
hydrates. The bowels were costive. At times during the night she would 
waken with a sensation of heaviness in the stomach. 

The only important facts elicited by examination were the evidences o 
gastroptosis, anemia, ‘and tenderness on deep pressure over the stomach be on 
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the ensiform. Roentgen-ray examination showed marked stasis, with delay in 
the duodenum and reverse peristalsis. The stomach and duodenal cap filled 
normally. 

The laboratory findings were ; urine, normal ; hemoglobin, 85 per cent. ; red 
blood cells, 4,120,000; white blood cells, 6,400. 

A diagnosis of dilatation of the duodenum was made. Medical treatment, 
consisting of a special corset, exercises, rest and diet, was instituted. Two 
months later the patient was having attacks of vomiting but she did not return 
for further treatment. 

Case 2. — A boy, aged 7 years, entered the hospital because of pain in the 
upper epigastrium. A history of pertussis and chickenpox was given. For 
the last few months the child had complained of pain in the epigastrium, occa- 
sionally quite severe. The temperature at times was from 99.2 to 99.4. The 
bowels were costive. Vomiting occurred during the acute attacks. For the 
preceding eight months he had been on a diet from which sugar, milk and fats 
were practically eliminated 

The only significant points disclosed by the physical examination were that 
the boy was poorly nourished, pale and underdeveloped, with an abdomen of 
the visceroptotic type. 

The laboratory findings were: urine, normal; hemoglobin, 70 per cent.; red 
blood cells, 4,130,000; white blood cells, 6,600. 

The roentgen-ray examination revealed an incomplete obstruction at 
approximately the point where the superior mesenteric artery and mesentery 
crossed the spine. Above this point the duodenum was dilated and reverse 
peristalsis was present. A diagnosis of dilated duodenum was made. 

The application of a binder and special diet were advised and improvement 
resulted. 

Case 3. — A woman, aged 56, entered the hospital because of attacks di 
stomach trouble. For twelve years the trouble had been more or less constant, 
the attacks increasing in severity and frequency. During the preceding five 
months she had lost 30 pounds (13.6 kg.). The attacks consisted of dull, non- 
radiating aching in the epigastrium. This came on a few minutes after meals 
and persisted until she vomited. Severe headaches accompanied the attacks. 
For a long time she had not eaten an evening meal so that she would avoid 
vomiting at night. Solid food aggravated the condition, fluids causing less 
discomfort. More recently she had had a sour stomach and heartburn. She 
had been on liquid diet for the preceding two weeks. 

Examination disclosed an anemic, poorly nourished woman, with evidences 
of loss in weight. Tenderness was present over the entire abdomen, which 
was relaxed. 

The laboratory findings were: urine, normal; hemoglobin, 70 per cent.; 
red blood cells, 3,990,000; white blood cells, 5,000; Wassermann reaction, nega- 
tive. Gastric analysis revealed: free hydrochloric acid, 65; total, 79; lactic 
acid and bile were absent. 

The roentgen-ray examination disclosed a dilated duodenum which retained 
barium after the stomach was empty. 

Under medical treatment consisting of rest after meals, hj'peraciditj' diet 
and postural exercises, some improvement resulted, but not complete relief of 
symptoms. 

Case 4. — A man, aged 36. entered the clinic complaining of stomach trouble. 
There was no point of interest in his personal history except a previous attack 
of influenza. 
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For the last three weeks he had had more or less constant abdominal dis- 
comfort. He stated that all the food he ate seemed to sour and to cause pain 
in the epigastrium; this was relieved by vomiting. The pain usually occurred 
from one to three hours after meals. The bowels were regular. There was 
tenderness to palpation in the epigastrium. 

The laboratory findings were : urine, normal ; Wassermann reaction, nega- 
tive; hemoglobin, 80 per cent.; red blood cells, 4,780,000; white blood cells, 
11,000; differential blood count, normal. Gastric analysis revealed: total 
acidity, 98; free acid, 64; bile, 3 plus. 

The roentgen-ray examination showed that the first part of the duodenum 
was markedlj' dilated, and that it did not empty unless pressure was applied 
from above. 



Fig. 3. — Duodenojejunostomy for megaduodenum in little girl, aged 5 years; 
broken lines represent points of approximation for the anastomosis. 


Medical treatment, consisting of diet and postural exercises, was begun. 
Some improvement resulted, but the patient failed to report for later observation. 

Case 5.— a man, aged 32, entered the clinic complaining of pain around the 
heart. He gave a history of a previous attack of typhoid. For the last two 
weeks he had experienced pain that came on suddenly when he stooped over 
to remove his shoes. Pain also occurred before and after meals. He was 
short of breath on exertion. His bowels were costive ; his appetite was good ; 
he was gaining in weight. Fulness in the upper part of the abdomen was 
present at irregular intervals. 

Physical examination revealed a blood pressure of 100 systolic, 70 diastolic; 
slight exophthalmos with no enlargement or increased activity over the thyroid; 
a considerably relaxed abdominal wall. The heart and lungs were normal. 







HIGGINS— CHRONIC DUODENAL ILEUS 21 

She was occasionally nai:seatecl and sometimes vomited. She dated the onset 
of the headaches from an attack of cerebral meningitis fifteen }'ears before, 
at which time she was confined to her bed with fever, stiff neck and attacks of 
unconsciousness. The pain had become more severe during the last few years, 
and was worse during the menses. 

A diagnosis of migraine and of neuralgia of the great occipital nerves had 
previously been made, and an injection of the sphenopalatine ganglion had 
been performed. 

The physical e.xamination failed to elicit any important points. The gastric 
anali’sis revealed: total acid, 85; free acid, 32.5. Other laboratory findings 
were normal. 

A roentgenogram was taken which showed a mobile, dilated pelvic cecum, 
and dilatation of the second and third portions of the duodenum. 

A diagnosis of dilatation of the duodenum was made and medical treatment 
— corset, diet, postural exercises, diluted hydrochlorid acid and iron — was 
instituted. The condition of the patient improved, but too short a period of 
time has elapsed to warrant definite conclusions. 

Case 9. — ^A woman, aged 32, entered the clinic complaining of stomach 
trouble. A thyroidectomy had been performed in 1908, a nephrectomy in 1916, 
an appendectomy in 1921. For several 3 ’^ears the patient had had a dull, aching 
pain in the upper part of the abdomen which was not associated with vomiting, 
though she had some nausea. She had frequent headaches which were accom- 
panied by gastric disturbances. The bowels were costive. After the thyrbid- 
ectomj’ the patient had developed tetany, which has persisted in spite of 
treatment. 

Physical examination elicited tenderness and spasm on pressure over 
McBurney’s point. 

The laboratory findings were : blood and urine, normal ; Wassermann 
reaction, negative. 

The roentgen ray showed the second and third portions of the duodenum 
to be considerably dilated. 

A diagnosis of dilatation of the duodenum was made and medical treatment 
was instituted, as the result of which the patient reports that most of her 
abdominal discomfort has been relieved. 

Case 10. — ^A man, aged 62, entered the clinic complaining of headaches and 
bilious attacks. His father had died of an aneurysm. The onset of the bilious 
attacks dated back ten years, and the headaches had occurred even previous 
to that time. The attacks began with severe headaches and sour stomach, which 
were relieved by soda or copious emesis ; diarrhea occurred during the attacks. 
The bowels were fairly regular. He formerly belched considerabh'. 

Physical examination revealed an asthenic type of man. The left colon 
was palpable, and the stomach was palpable below the umbilicus. 

The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive; hemoglobin, 85 per cent.; red blood cells, 3,980,000; white blood cells, 5,300. 

The roentgen ray showed a dilated duodenal bulb and an elongated and 
moderately enlarged duodenum, with stasis; ptosis of the cecum also was 
present. 

A diagnosis of dilatation of the duodenum was made and medical treatment 
was instituted. The period of time that has elapsed since treatment was started 
is insufficient to warrant definite conclusions. 

Case 11. — A woman, aged 21, entered the clinic complaining of a goiter 
and of stomach trouble. She had previousli-^ been operated on for appendiceal 
abscess and had had a dilatation and curettage. The illness of which she 



22 


ARCHIVES OF SURGERY 


complained at this time had begun a year before with nervousness, palpitation, 
loss of weight and tremor. She w'as subject to epigastric pain and right-sided 
headache which usually came on about noon. These symptoms were relieved 
bj' vomiting. The vomitus was yellowish brown and often contained food, 
particles. 

Examination showed that she had a bilateral enlargement of the thj'roid, 
with a small adenoma on the right; also tenderness with spasm in the outer 
upper quadrants of the abdomen, most marked on the left. 

Laboratory examination showed the blood and urine to be normal. 

Roentgen-ra}’ examination disclosed a duodenal dilatation with stasis, and 
a mobile, slightly ptosed cecum. A diagnosis of dilatation of the duodenum 
was made, and medical treatment was instituted with resultant improvement. 

Case 12. — man, aged 45, entered the clinic complaining of stomach and 
bladder trouble. He had had an appendectomy twenty-two years before, and 
a cystostomy seventeen years before. He had had “bloating” of the stomach 
for years, the discomfort arising immediately after each meal and lasting 
for approximately one hour. At this time he had nocturia once each night. 
He was quite constipated, was nervous and at any new shock experienced 
a “gripping” of the stomach. His weight was stationary. 

Physical examination revealed evidence of gastroptosis and spasticity of 
the transverse and descending colon. 

The laboratory findings were : urine, normal ; Wassermann reaction, nega- 
tive; hemoglobin, 80 per cent.; red blood cells, 4,120,000; white blood cells, 
5.800; differential count, normal. 

Roentgen-ray examination showed the stomach to be normal ; marked hyper- 
mobility of the duodenal bulb, which was dilated; dilatation of the second 
and third parts of the duodenum, and a small stone in the lower part of the 
left ureter. 

A diagnosis of dilatation of the duodenum and of left ureteral calculi was 
made, and medical treatment was instituted. No report has been received 
from this patient. 

Case 13. — ^A woman, aged 48, entered the clinic because of headaches. For 
some time she had had headaches which were periodic in type, and usually 
were one-sided, occurring over one ej’e or the other. She was nauseated during 
the attack but did not vomit. The bowels were costive. 

Physical examination revealed an undernourished patient with evidences 
of gastroptosis. 

The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive: hemoglobin, SO per cent.; red blood cells, 3,860,000; white blood cells, 
4,700; blood sugar, 103 mg. per hundred cubic centimeters. 

Fluoroscopic examination showed dilatation of the second and third por- 
tions of the duodenum; and the roentgen ray also showed an irregular 
constriction of the bulb which suggested the presence of adhesions to the 
gallbladder or liver. The lower pole of the stomach was just above the pubis. 

A diagnosis of dilatation of the duodenum was made, and medical treat- 
ment, with diet, postural e.xercises and a corset, was begun, as the result of 
which the patient has improved slowly. 

Case 14. — .A. woman, aged 34, entered the clinic complaining of headache. 
There was a past history of scarlatina, pleurisy, and of an operation in which 
the tip of the coccyx had been removed. For two j’ears the patient had had 
attacks of severe headache every month or so. with vomiting and a distressed 
feeling in the right side of the upper part of the abdomen. Between the 
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attacks there had keen only slight abdominal pain. During the hcadachea 
she would vomit for one or two days. The bowels were costive; the appetite 
was good, the weight, stationary. 

Examination revealed a tall, slim woman who appeared to be in poor 
health. The abdomen had a normal contour. The lower poles of both kidneys 
were palpable. A succussion splash was present over the stomach; there wa.s 
a slight muscle spasm over the gallbladder, but no definite tenderness; a 
spastic sigmoid was palpable. 

The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive; blood, normal. 



Fig. 4.— Megaduodenum (same case as shown in Figure 3). 


The roentgen ray revealed a ptosed stomach, a normal duodenal bulb and 
an irregularly constricted and dilated duodenum with duodenal stasis. 

For two years this patient has been under medical treatment for migraine, 
visceroptosis and chronic intestinal stasis with little improvement. This appears 
to be a classical case of duodenal dilatation, and I believe that complete relief 
of the headache, vomiting and pain would follow duodenoiejunostomy. 

Cy^SE IS, A man, aged 40, entered the hospital complaining of stomach 

trouble. He had had diphtheria when a child. For two years he had had 
intermittent attacks of stomach trouble, w'hich were characterized by a burn- 
ing sensation in the pit of the stomach associated with bloating from gas in 
the stomach and intestines; this occurred from two to four hours after meals 
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and occasionally at night. It was relieved by baking soda and food. He 
had had a skin eruption for months. 

Examination revealed slight tenderness over the appendix and vague sensi- 
tiveness over the duodenal region. 

The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive ; hemoglobin, 85 per cent. ; red blood cells, 4,250,000 ; white blood cells, 8,700. 

The roentgen ray showed a characteristic ulcer deformity (duodenal) with 
considerable dilatation of the descending duodenum. 

The patient was placed on the medical regimen for duodenal ulcer. Four 
months later he was considerably improved and less deformity of the duodenal 
cap was present. 

Case 16. — A woman, aged 24, entered the clinic complaining of pain in the 
stomach, which she had experienced for two years. She had vague stomach 
symptoms, and was unable to eat ansrthing with comfort on account of the 
formation of gas in the stomach. She had had influenza two years previously; 
her weight was stationary; there was no vomiting. 

Phj'sical examination showed nothing of significance except tenderness on 
deep pressure over the stomach. 

The laboratory findings were normal. 

The roentgen ray showed that the stomach and duodenal cap were normal, 
but there was marked ptosis with delay in the duodenum and reverse 
peristalsis. 

Operation was advised but the patient wished medical treatment. She 
returned two years later complaining of an increase in the stomach symptoms, 
of occasional vomiting and of headaches. There had been no gain in weight; 
the bowels were regular. A strict medical regimen was again instituted with 
some resultant improvement. 

Case 17 . — A man, aged 50, came to the clinic because of attacks of anorexia, 
nausea, epigastric distress and vomiting. There was a past history of syphilitic 
lesions and of a gonorrheal infection twenty-five years before, also of malaria 
and pleurisy. A cholecystectomy and appendectomy had been performed three 
years before. About fourteen years before he developed attacks of indiges- 
tion, which at first were severe and occurred at intervals ; but for the last 
eight weeks he had had continuous epigastric distress with nausea and vomit- 
ing. No gallstone had been found at the" previous operation, although a 
diagnosis of cholelithiasis had been made. He was losing weight and becoming 
weak, and had occasional attacks of transient vertigo. He was markedly 
constipated. 

Examination revealed an emaciated, elderly man appearing worried and 
weak. A systolic murmur was present at the apex and transmitted to the 
axilla. The abdomen was scaphoid. 

The laboratory findings were: urine, normal; Wassermann reaction, 4 plus; 
the colloidal gold test showed a tabetic curve; the blood picture was normal. 
Gastric analysis revealed: free acid, 1.5, total acid, 21.5. 

Roentgen-ray examination showed dilatation of the duodenum with a 
deformity at the pyloric end of the stomach which was probablj' due to 
adhesions. 

A diagnosis of tabetic crisis and dilatation of duodenum was made. Anti- 
syphilitic treatment was advised and a special diet, with the addition of 
hydrochloric acid. 

Case IS. — man, aged 37, entered the clinic complaining of stomach 
trouble and headaches. .-\n appendectomy had been performed four years 
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before. Headaches and stomach trouble began about fifteen years before, 
usually occurring when the patient was constipated. When the bowels had 
not moved for a day or two he would get dizzy and feel a thumping in the 
head ; this terminated in a severe frontal headache which was not relieved until 
copious emesis had occurred. The vomitus at first consisted of food, but 
it continued after the stomach seemed to be empty, the later vomitus consisting 
of watery, bitter, green fluid. The attacks of vomiting lasted for from four to 
five hours. About an hour later the headache would begin to subside. The 
bowels were very costive. He had no abdominal pain, except occasional cramps. 

Physical examination revealed a man of fairly healthy appearance. The 
abdomen was not distended, hut there was generalized tenderness over the 
colon. 

Laboratory findings were normal. 

A roentgen-ray examination revealed dilatation of the duodenum, which 
was marked at the knee of the duodenum; there was a large diverticulum 
which held the barium twenty-four hours, and a deformity, evidently due to 
duodenal ulcer. The colon was generally spastic. 

A diagnosis of duodenal ulcer, duodenal dilatation and diverticulum was 
made and medical treatment for the ulcer was instituted. An insufficient period 
of time has passed for any conclusions regarding the result. 

Case 19. — A woman, aged 29, entered the clinic complaining of hives. She 
had had an appendectomy twelve years before. The present trouble dated 
back two years when hives had appeared around the face and body. Later 
she had experienced considerable itching, and hives with welts appeared and 
have continued at intervals ever since. She had had frequent sick headaches 
with attacks of vomiting. The bowels were costive. 

Examination was essentially negative except for the skin lesions and an 
infantile uterus. 

The laboratory findings were; urine, normal; Wassermann reaction nega- 
tive; hemoglobin, 85 per cent.; red blood cells, 4,550,000; white blood cells, 
8,500; differential count, normal; blood sugar, 91 mg. per hundred cubic centi- 
meters; blood urea, 39; blood uric acid, 2.2; serum calcium, 13. 

The roentgen ray revealed dilatation of the second and third portions of 
the duodenum with high fixation of the bulb. 

A diagnosis of urticaria, dilated duodenum and infantile uterus, was made, 
and medical treatment was instituted with some resultant relief. 

Case 20. — A woman, aged 49, entered the clinic complaining of stomach 
trouble and headaches. She had had typhoid fever at the age of 13. One 
year before the patient had had influenza. She complained of burning pain 
in the right side of the upper part of the abdomen and in the pit of stomach 
associated with nausea and vomiting. She was short of breath on exertion. The 
abdominal pain did not radiate. She had always been subject to sick head- 
aches ; her appetite was poor, and at this time she was on a diet. The bowels 
were very costive. 

Examination revealed a thin woman, evidently in poor health; the abdomen 
was lax and doughy. 

The laboratory findings were: urine, normal; hemoglobin, 80 per cent.: 
red blood cells, 4,660,000; white blood cells, 9,000. 

Roentgen-ray examination showed dilatation of the second and third parts 
of the duodenum with temporary stasis. 

Medical treatment was instituted with resultant improvement. 
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Case 21. — A woman, aged 47, entered the clinic complaining of biliousness 
and liver trouble. She had had nausea and belching for years, and was usually 
constipated. One and one-half years and- six months before she had had severe 
attacks of pain in the epigastrium and radiating to the back with very severe 
vomiting of bile stained fluid. Between these attacks she had considerable 
gas and nausea. The stools were light colored during the attacks. She 
had frequent headaches. 

Physical examination revealed nothing of significance except for tender- 
ness in the region of the gallbladder with the production of pain. 

The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive ; hemoglobin, 85 per cent. ; red blood cells, 4,130,000 ; white blood cells, 7,500. 

The roentgen ray revealed dilatation of the duodenum, right-sided ptosis 
and dilated pelvic cecum. There was no evidence of any pathologic condition 
in the gallbladder. 

Medical treatment for dilatation of the duodenum was instituted. 

Case 22. — A woman, aged 49, entered the clinic because of diabetes. She 
had previously had malaria. Diabetes was discovered one and one-half years 
before. Sugar did not appear in the urine after the patient was placed on a 
diet. She reentered the clinic because of the occurrence of pain in the stomach 
soon after eating, with palpitation and dyspnea. The stomach trouble began 
two weeks before. The bowels were costive. 

Examination revealed a thin, sallow woman with a blood pressure of 110 
systolic, 60 diastolic, and a definite, palpable thickening of the arteries. Tender- 
ness was present in the region of the pylorus. 

The laboratory findings were of little significance except for a blood sugar 
of 191 mg. per hundred cubic centimeters. 

Roentgen-ray examination showed duodenal dilatation and kinking at the 
jejunal junction, which was evidently due to adhesions. The stomach and 
duodenal bulb were normal. 

The patient was placed again under medical treatment for diabetes and 
treatment for dilatation of the duodenum was instituted with some resultant 
relief. 

Case 23. — A man, aged 40, entered the clinic complaining of stomach 
trouble. For some time he had felt nauseated in the mornings. He would 
feel better for an hour after breakfast, then would be distressed until noon, 
with relief again for an hour after the meal. He complained of considerable 
gas, but no vomiting. The bowels were very costive. 

Examination showed the patient to be undernourished. His blood pressure 
was 120 systolic, 80 diastolic. There was slight abdominal tenderness. 

The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive: hemoglobin, 80 per cent.: red blood cells, 4,590,000; white blood cells, 
7,900. Gastric analysis revealed: free acid, 7; total acid, 28. 

Roentgen-ray examination showed a normal stomach and duodenal bulb, 
but antipcristalsis in the second and third parts of, the duodenum. A diag- 
nosis of chronic intestinal stasis with dilatation of the duodenum was made, 
and medical treatment was instituted with resultant improvement. 

Case 24. — woman, aged 30, came into the clinic complaining of stomach 
trouble and skin lesions. An appendectom}' had been performed two years 
before. She had always had stomach trouble, the worst feature of which was 
the persistent, almost constant daily vomiting of her meals. She had marked 
heartburn. For two years she had had pain in the epigastrium from two 



HIGGIXS—CHKOXIC DUODEXAL ILEUS 27 

to four hours after meals. The pain did not radiate. She would he awakened 
at night hy the gastric distress. There had been no change in weight. 

J:^xamination revealed a healthy looking woman with a blood pressure of 
105 systolic, 60 diastolic. There was generalized slight tenderness over the 
abdomen. 

The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive; hemoglobin, 85 per cent.; red blood cells, 4 , 290 , 000 ; white blood cells, 4,400. 

Koentgen-ray examination revealed dilatation of the second and third 
portions of the duodenum ; the stomach and bulb were normal. 

A diagnosis of dilatation of the duodenum and possible gastric ulcer was 
made. Medical treatment was given with resultant improvement of the 
condition. 


r 



Fig. 5. — Dilatation of duodenum due to adhesions at duodenojejunal junction 
resulting from inflammatory mesenteric glands. 


Case 25.— A man, aged 43 , entered the hospital complaining of stomach 
trouble. There was a past history of typhoid, malaria and pneumonia. He 
had had more or less stomach trouble for twenty years, consisting of bilious 
attacks with headaches and vomiting. His bowels were habitually constipated; 
the stools were pencil-like. When food was not taken he experienced a burning 
sensation in the epigastrium which was relieved by food or water. There 
had been no loss in weight. 

Examination revealed a well developed man with sallow skin. The blood 
pressure was 106 sj’stolic, 80 diastolic. The abdomen was rounded. There 
was tenderness below the left costal margin, and pressure over McBurney’s 
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point produced pain referred to the former region. The sigmoid and descend- 
ing colon were spastic. 

The laboratory findings were: Wassermann reaction, negative; hemoglobin, 
80 per cent.; red blood cells, 4,670,000; white blood cells, 6,300. 

The roentgen ray revealed a moderate dilatation of the second and third 
portions of the duodenum suggesting duodenal .stasis ; the cecum was mobile ; 
the appendix was not visualized. 

Medical treatment for dilatation of the duodenum and constipation was 
instituted. 

Case 26. — man, aged 25, entered the hospital complaining of pain and 
burning in the epigastrium. Four years before he had had deep jaundice, 
which was soon followed by pain in the upper abdomen. There had^ been 
no nausea or vomiting. His stools were clay colored. He had lost 10 pounds 
(4.S kg.) in weight. He had had a slight jaundice for two years but this had 
entirely disappeared. Five weeks before he had developed a pain in the lower 
abdomen just below and to the right of the umbilicus. This shifted to the 
upper part of the abdomen and a sensation of burning not related to meals 
remained in the epigastrium. Soda seemed to give some relief. He sometimes 
had headaches. 

Examination revealed a thin, apprehensive man of asthenic type, with a 
scaphoid abdomen and slight tenderness over the right side of the upper part 
of the abdomen. 

The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive; blood picture, normal. 

The roentgen ray revealed a marked churning movement in the duodenum, 
which was slightlj-- dilated. At times the barium was carried back into the 
bulb and stomach. 

A diagnosis of dilatation of the duodenum was made and medical treat- 
ment was instituted. 

Case 27 . — A woman, aged 24, entered the clinic complaining of pain in 
the lower part of the abdomen and of weakness with "dizzy spells.” She had 
developed these symptoms since a miscarriage one year before. She was very 
weak and frequently obliged to go to bed. The pain at first had been in both 
sides but at this time was in the right side of the lower part of the abdomen. 
It had been worse during the preceding few days. She had a slight nausea, 
and was troubled with sour stomach and gas. ^ 

Examination revealed a fairly well nourished woman, with a blood pressure 
of 116 systolic, 70 diastolic. The right kidney was palpable. There was some 
gurgling in the region of the cecum and tenderness in the right lower quadrant. 
\'aginal examination revealed tenderness in the right adnexal region. 

The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive; hemoglobin, 75 per cent.; red blood cells, 4,010,000; white blood cells, 9,500. 

Roentgen-ray examination showed a moderate dilatation of the duodenum 
with reverse peristalsis, and ptosis of the stomach. 

-A. diagnosis of dilatation of the duodenum and salpingitis was made; medical 
treatment was instituted with resultant relief of the symptoms. 

Case 28 . — A woman, aged 29, entered the clinic complaining of stomach 
trouble. She had had a previous appendectomy and an attack of influenza 
one year before, and since had had attacks of sour stomach and vomiting. 
She also was troubled with gas and belching. Her appetite was good. The 
bowels were costive. 
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Examination revealed a slight young woman with a blood pressure of 
115 systolic, 75 diastolic. The abdomen was distended with gas. 

The laboratory findings were: urine, normal; hemoglobin, 80 per cent.; 
red blood cells, 4,180,000; white blood cells, 7,600. 

Roentgen-ray examination revealed distortion and dilatation of the descend- 
ing duodenum and a distended colon. 

Medical treatment was instituted with resultant improvement. 

Case 29 . — woman, aged 46, entered the clinic complaining of nausea. She 
gave a past history of bilious attacks for which cholecystectomy had been 
performed. She also had had an appendectomy and a right oophorectomy. She 
had had daily attacks of nausea for some years, starting each spring and 
lasting all summer. The nausea was present when she woke in the morning 
and tended to clear up by night. There was not much pain but some dis- 
comfort under the right scapula. She ate practically no food. The bowels 
were costive so that she took an enema every day. She had occasional 
headaches. 

Examination revealed a short, obese woman with a blood pressure of 98 
systolic, 70 diastolic. The liver edge was palpable. 

The laboratory findings were: urine, normal; hemoglobin, 85 per cent.; red 
blood cells, 4,610,000; white blood cells, 9,200. Gastric analysis revealed: 
free acid, 0; total acid, 16. 

The roentgen ray revealed that the descending duodenum was considerably 
elongated and that there was some stasis. A diagnosis of dilatation of the 
duodenum was made and medical treatment was instituted. 

Case 30. — ^A girl, aged 15 years, entered the hospital complaining of nausea, 
vomiting, weakness and loss of weight; she also had tachycardia. There was 
a past history of influenza. The patient had been in good health until one 
month before when she felt ill and began to vomit in the morning. Since 
that time she had had periods of nausea and vomiting. The vomitus was 
sour and consisted of the previous meal. She complained of weakness and 
had lost 16 pounds (7.3 kg.) in the preceding month. She had been given 
Lugol’s solution with no resultant improvement. 

Examination revealed a diffuse bilateral enlargement of the thyroid, but 
otherwise nothing of importance. 

The laboratory findings were: urine, normal; hemoglobin, 85 per cent; 
red blood cells, 4,710,000; white blood cells, 9,200; basal metabolism, plus 15. 
Gastric analysis revealed: free acid, 0; total acid, 25. 

The roentgen ray showed a dilatation of the entire duodenum, and duodenal 
stasis was observed fluoroscopically. The stomach and duodenal bulb were 
normal. There was a moderate general resistance of the colon. 

The patient was placed under medical treatment. The vomiting ceased 
while the patient was in the hospital and she was discharged. Two weeks 
later the father stated that she had had vomiting spells for two days, during 
each of which she would vomit five or six times. The vomiting was associated 
with a unilateral headache. This patient is to return later for a duodeno- 
jejunostomy. 

Case 31. — ^A woman, aged 34, entered the clinic complaining of constipation and 
attacks of vomiting. She had been constipated for fifteen years. For the last 
four years she had had recurrent attacks of vomiting a few weeks apart. 
These attacks occurred when the bowels were sluggish. Early in the attacks 
she would get nauseated, and would finally vomit many times for days. She 
was losing in weight and had frequent headaches. 
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On examination the patient was found to be a small, slight woman with 
a blood pressure of 110 systolic, 60 diastolic. Slight tenderness was present 
over the cecum; spastic intestinal coils could be felt. 

The laboratory findings were: urine, normal; hemoglobin, 80 per cent.; red 
blood cells, 4,520,000; white blood cells, 7,800; calcium, 8. 

Roentgen-ray examination showed a moderately dilated but normal duodenal 
bulb held high in the right side of the hypochondrium. It was difficult under 
the fluoroscope to force barium from the bulb into the descending duodenum. 
The colon was atonic. 

Diagnosis of gastric tetany and dilatation of the duodenum was made. 
Medical treatment was instituted " and operation advised if relief was not 
secured. 

Case 32. — woman, aged 27, in whom a diagnosis of globus hystericus 
had previously been made, -returned to the "clinic two years later complaining 
of frontal and temporal headache which was sharp and throbbing in character 
and was worse on exertion. She had no vomiting, but vertigo was usually 
associated with the headaches which were quite severe at times and necessitated 
immediate rest. These attacks were gradually getting worse. 

Examination revealed a well developed and nourished woman, with a 
slightly enlarged thyroid gland but no increased activity. 

The laboratory findings were normal. 

Roentgen-ray examination revealed an undoubted moderate duodenal dila- 
tation and duodenal stasis. 

A diagnosis of dilatation of the duodenum was made. Medical treatment 
was recommended. 

PATIENTS RECEIVING MEDICAL AND SURGICAL TREATMENT 

Case 33. — ^A woman, aged 21, entered Lakeside Hospital because of nausea 
and pain in the abdomen with vomiting and headaches. 

Following an appendectomy four months previously she had gained 10 
pounds (4.5 kg.) in weight; but the distress returned and she had pain 3 cm. 
above the umbilicus to both the left and the right of the midline. This occurred 
every day or so, soon after meals, especially after she had eaten a considerable 
amount. The pain lasted from one-half to one hour; there had been no 
vomiting recently but the nausea was persistent. She had previously vomited 
every morning soon after rising; the vomiting relieved the severe headaches 
that accompanied the attacks. Pain radiating to the left shoulder and back 
occurred occasionally at night. This was stabbing or cramping in character. 

The only fact elicited by examination was a sharply defined area of tender- 
ness the size of a dollar, 2 cm. above and to the left of the umbilicus, with 
some tenderness also in the right upper quadrant. The blood and urine were 
normal. 

Roentgen-ray examination showed apparently delayed emptying of the 
duodenum with dilatation of the second portion. The fluoroscopic examination 
sljowed dilatation of the duodenum with incomplete and temporary obstruction 
of the third portion. 

Medical therapy, consisting of a corset, postural exercises and diet, was 
instituted for si.x months. The symptoms were somewhat relieved but vomiting 
persisted. .A duodenojejunostomy was performed by Dr. Crile, at which the 
duodenum was found to be markedly dilated proximal to the point where it 
passed under the mesentery. Complete relief of symptoms has resulted. 
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Case 34. — man, aged 41, entered the clinic complaining of headaches and 
nausea. An appendectomy had been performed two years before, after which 
the same symptoms recurred. Pain referred to the shoulder-blades and accom- 
panied by a sensation of fulness was present chiefly in the upper epigastrium. 
The bowels were costive. There was occasional nausea associated with severe 
headaches. The patient had lost 10 pounds (4.5 kg.) in the preceding four 
years. 

Examination revealed an asthenic man with evidences of visceroptosis. 

The laboratory findings were: urine, normal; hemoglobin, 80 per cent; red 
blood cells, 4,240,000; white blood cells, 6,100; Wassermann reaction, negative. 
Gastric analysis revealed: free acid, 38; total, 57.5; no bile or lactic acid. 



Fig. 6. — Dilatation of duodenum due to adhesions caused by penetrating 
ulcer of lower curvature. , 

Roentgen-ray examination showed the stomach and duodenal bulb to be 
normal, but there was a large pouch just beyond the bulb. 

A diagnosis of dilatation of the duodenum was made. 

Medical treatment, consisting of a corset, postural exercises and diet, was 
instituted for one month with no relief. 

An operation was then performed by Dr. G. W. Crile, at which the duodenum 
was found to be markedly dilated as the result of obstruction at the point 
where it crossed under the mesentery, -which was very heavy; bej’ond this 
point no dilatation was seen. 

A duodenojejunostomy was performed resulting in complete relief of 
symptoms. 
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Case 35. — woman, aged 47, entered the clinic complaining of constipa- 
tion, headaches and vomiting. She had been constipated for years. She 
suffered from abdominal distress after meals and every two or three days 
had attacks of severe headache and nausea which were relieved by vomiting; 
she had frequent attacks of faintness. Her appetite was good but she was 
losing in w’eight. 

The only points of importance elicited by the physical examination were 
that the patient was poorly nourished and pale; there was twitching of the 
upper and lower ej^elids and a systolic murmur at the apex transmitted to 
the axilla, and there was some evidence of visceroptosis. 

The laboratory findings were : urine, normal ; Wassermann reaction, nega- 
tive ; hemoglobin, 80 per cent. ; red blood cells, 4,308,000 ; white blood cells, 5,500. 

Treatment by a support, postural exercises and a special diet was tried but 
the symptoms were not relieved and a later roentgen-ray examination showed 
that the cecum and ascending colon were very mobile, the hepatic flexure 
being at the level of the iliac crest. 

At operation, which was performed by Dr. W. E. Lower, the last part of 
the firs.t and second and third parts of the duodenum were found to be dilated 
to three times their normal size, owing- to an obstruction at the point where 
the duodenum passed under the mesentery. 

A gastro-enterostomy was performed, but only temporary improvement 
resulted and the patient will return for another operation. 

PATIENTS RECEIVING SURGICAL TREATMENT ONLY 

Case 36. — ^A woman, aged 40, entered the hospital complaining of constipa- 
tion and pain in the left upper portion of the abdomen. 

Six years before she had suffered from an attack of acute indigestion and 
pain in the back which extended around to the heart. This pain was inter- 
mittent at first but had been more or less constant for the preceding four 
years. The bowels were costive; the appetite was poor, and regulation of the 
food was ineffectual. She had lost 10 pounds (4.5 kg.) in four years. 

The blood and urine were normal and the Wassermann reaction was 
negative. 

On examination diastasis of the recti muscles was marked. The lower pole 
of the right kidney was palpable and the entire kidney movable. 

A diagnosis of chronic appendicitis was made, but at the operation, which 
was performed by Dr. G. W. Crile, the duodenum was found to be markedly 
dilated and ptosis of the stomach also was present. The duodenum passed under 
the mesentery, which was tight, and its vessels were dilated. A duodenojejunos- 
tomy and appendectomy were performed. 

Four years later the patient reported that she had remained entirely well. 

C.\SE 37. — ^A woman, aged 38, entered Lakeside Hospital complaining of 
attacks of pain in the epigastrium which were accompanied by severe head- 
aches. For months she had been feeling unwell. 

The only significant facts in the personal history were that she had had 
typhoid fever some years before, that her bowels were constipated, and that 
her weight was stationarj'. 

The only findings of importance in the physical examination were enlarge- 
ment of the thyroid, visceroptosis and a palpable right kidney. 

The laboratory findings were normal. Roentgen-ray examination showed 
gastroptosis and evidence of stasis in the duodenum which did not empty well. 
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A diagnosis of dilatation of the duodenum was made and an operation was 
performed by Dr: G. W. Crile, which confirmed the roentgen-ray findings of 
gastroptosis and disclosed a greatly dilated duodenum with obstruction where 
the root of the mesentery crossed the duodenum. 

Duodenojejunostomy and appendectomy relieved all the symptoms. 

Case 38. — woman, aged 44, entered the clinic complaining of headache, 
weakness and vomiting. In the personal history the only point of interest was 
that she had had diphtheria. The present distress had first been noticed six 
months before. The attacks of vomiting had recently increased in frequency. 
Two months before she had fainted, and weakness had progressively increased. 
The headaches were severe but were relieved by the vomiting that occurred 
about one hour after meals. One month before she had experienced pain in 
the midepigastrium but this had subsided recently. She had been under 
medical treatment for the preceding six months. 

Physical examination disclosed an anemic, poorly nourished woman. There 
were a few moist rales in the left apex of the lungs. The colon was palpable. 

The laboratory findings showed albumin present in the urine; hemoglobin, 
75 per cent.; red blood cells, 3,800,000; white blood cells, 5,400; differential 
count, normal; Wassermann reaction, negative. Gastric analysis revealed: 
free, hydrochloric acid, 50; total acidity, 82. 

Roentgen-ray examination revealed a normal stomach, but the first portion 
of the duodenum was held toward the right suggesting the presence of adhe- 
sions. A diagnosis of dilatation of the duodenum was made. 

At operation, which was performed by Dr. G. W. Crile, the duodenum was 
found to be dilated to two or three times its normal size from the pyloric end 
of the stomach to the point where it passed under the mesentery. The walls of 
the duodenum appeared to be atonic. Beyond the mesentery the intestines 
appeared normal. 

A duodenojejunostomy was performed resulting in complete relief of 
symptoms. 

Case 39. — A woman, aged 55, entered the clinic complaining of pain in the 
epigastrium. About one year before pain had developed in the region of the 
gallbladder. The pain was intermittent, occurring at intervals of from two to 
three hours after meals. The temperature was sometimes elevated. Constipa- 
tion was quite marked. The appetite was poor and there had been considerable 
loss of weight. 

Physical examination revealed a thin, poorly nourished woman of sallow 
complexion. The abdomen was extremely flat and both kidneys were palpable. 

The laboratory findings show'ed a secondary anemia. 

An exploratory operation by Dr. G. W. Crile revealed a greatly dilated 
duodenum with a tight mesentery and adhesions about the gallbladder. The 
patient’s condition became unfavorable during the operation and therefore the 
operation was limited to a narrowdng of the lumen of the duodenum with silk 
sutures. One year later the patient w-as free from her former discomfort, but 
she complained of distention of the abdomen and of increasing constipation. 
Examination revealed a mass in the sigmoid flexure of the colon, w'hich the 
operation showed to be an extensive carcinoma. In this case the original dis- 
turbance caused by the dilated duodenum was relieved by the plastic operation 
on the duodenum. 

Case 40 . — A w'oman, aged 57, entered the clinic complaining of pain in the 
abdomen and vomiting. For the preceding three or four weeks the patient had 
had attacks of vomiting. The gallbladder, w'hich was adherent to the duodenum 
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and contained stones, was removed. The second and third portions of the 
duodenum were found to be enormously dilated, and the question arose as to 
whether or not this was the cause of the vomiting. The patient was comfortable 
for two days following the operation and then began to vomit again. The 
vomiting, which was unaccompanied by pain, occurred at intervals of one or two 
days. By binding the abdomen and forcing the intestines upward, the vomiting 
seemed to be prevented and the patient was discharged from the hospital but 
was told to return if the vomiting recurred. Two months later she returned with 
a history of almost continuous vomiting for the preceding week with considerable 
loss of weight and strength. 

Fluoroscopic examination showed the stomach in a low position, extending 
to the anterior superior spine. Bismuth passed into the duodenum where it 
stopped at the midline, ballooning out the duodenum to two or three times its 
normal size and then regurgitating back into the stomach. The roentgen-ray 
showed two fluid levels, one in the stomach and one in the duodenum in the 
obstructed third portion. 

At operation, which was performed by Dr. H. G. Sloan, miliary tuberculosis 
was found to be present and also an enormous dilatation of the duodenum, 
which seemed to be compressed between the root of the mesentery and the 
spinal column. A duodenojejunostomy was performed. No vomiting followed 
the operation but four months later the patient died of Addison’s disease. 

Case 41 . — A man, aged 41, entered the clinic complaining of a dull pain acros.s 
the back, violent headaches and a sensation of burning in the upper part of the 
abdomen. He had had a previous appendectomy. The foregoing symptoms had 
been present for ten years. At first they occurred every two or three months, 
lasting from four to six hours, until he vomited greenish yellow, bitter fluid. 
When he had vomited, the headaches would subside, but the pain in the back 
and the tenderness under the right costal margin would persist for two or three 
da 3 's. Recently the attacks had become more frequent. The bowels were costive. 

Phj’sical examination revealed at the apex a systolic murmur which was 
transmitted to the axilla. Over the gallbladder there was slight tenderness to 
deep palpation. 

The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive; hemoglobin, 85 per cent.; red blood cells, 3,997,000; white blood cells, 
11,400; diflFercntial count, normal. 

Roentgen-ray examination showed that the stomach and duodenal bulb were 
filled normally; but the fluoroscopic examination gave evidence of a moderate 
dilatation of the second and third portions of the duodenum. 

At operation, which was performed by Dr. G. W. Crile, the pyloric ring was 
found to be dilated as were also the first and second parts of the duodenum, to 
the beginning of the third portion. The obstruction was produced by the 
mesenterj' as it passed over the third portion of the duodenum. A duodeno- 
jcjimostomy was performed, and was followed bj' the complete disappearance 
of the sj-mptoms. 

Case 42. — A woman, aged 28, entered the clinic complaining of pain in the 
abdomen. In 1918, seven years before, a gastro-enterostomy had been done 
for gastric ulcer; a plastic operation on the gastro-enterostom}' for relief of 
obstruction was performed four 3 'ears later, and a laporatom 3 ' for adhesions 
seven months after the plastic operation. During the seven 3 ’ears since the 
first operation the patient had had attacks of generalized abdominal distress, 
with severe headaches and vomiting, after taking solid foods or acids. Her 
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weight had been stationary, but her appearance was that of a poorly developed 
and undernourished woman. 

The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive; hemoglobin. 70 per cent.; red blood cells, 3,100,000; white blood celU 
7,800. 

Roentgen-ray examination showed no barium passing through the gastro- 
enterostomy stoma. The second and third portions of the duodenum were 
dilated, and the lower pole of the stomach was at the level of the iliac crests. 

At the exploratory operation performed by Dr. W. E. Lower, dense 
adhesions were found between the coils of intestines; the gastro-enterostomy 



opening was patent ; the duodenum was dilated with numerous adhesions about 
the third portion, and the mesentery was moderately tight. 

The adhesions were severed bj' sharp dissection, but a duodenojejunostomy 
was not performed on account of the tendency to formation of adhesions. 
Nevertheless the condition of the patient improved. 

Case 43. — A man, aged 47, entered the clinic because of vomiting and head- 
aches. For the last year he had had abdominal discomfort after meals and 
everj' few days during the last four months he had had attacks of severe head- 
ache and nausea, which were relieved bj' copious emesis. The bowels were 
costive. He had an eczema of the skin which was resistant to treatment. 

Physical examination disclosed a few moist rales at the left ape.x. 

The laboratory findings were normal. Roentgen-ray examination showed 
dilatation of the second and third parts of the duodenum. 
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At operation by Dr. G. W. Crile the duodenum was found to be dilated to 
two or three times its normal size, probably as the result of arteriomesenteric 
occlusion as the intestines appeared normal beyond that point. A duodeno- 
jejunostomy was performed and complete relief of symptoms followed. 

Case 44. — ^A woman, aged 26, came to the clinic complaining of metror- 
rhagia, headaches and vomiting. For years she had had postprandial attacks 
of epigastric distress with nausea, vomiting and belching, together .with severe 
headaches which were relieved by copious emesis of bile stained fluid. During 
the preceding year she had had metrorrhagia and leukorrhea for which dilata- 
tion and curettage had been done five months before. The attacks of vomiting 
were more frequent during the menstrual periods, which were irregular. She 
was becoming progressively weaker. 

On examination tenderness to pressure was found to be present over the 
entire abdomen but chiefly in the right iliac fossa. 

The laboratory findings were normal. Roentgen-ray examination showed 
duodenal stasis and gastroptosis with atony. The second and third portions of 
the duodenum showed dilatation with stasis. There was vigorous peristalsis 
and the stomach was dilated and atonic, its lower pole being 5 inches (12.7 cm.) 
below the iliac crests. 

Operation by Dr. T. E, Jones disclosed a dilatation of the second and third 
portions of the duodenum which w'as caused by arteriomesenteric occlusion. A 
duodenojejunostomy, was performed and complete relief of symptoms followed. 

Case 45 . — A woman, aged 26, entered the clinic complaining of abdominal 
pain and distress after meals. One year before she had been operated on for 
appendicitis but the symptoms had returned. The pain, which was in the 
epigastric region and occurred soon after meals, was sometimes very severe and 
was relieved only by the vomiting of bile stained, sour fluid. Her diet was 
modified but to no avail. 

Laboratory findings revealed normal blood and urine. 

An exploratory laporatomy was performed by Dr. H. G. Sloan, at which 
the duodenum was found to be dilated to three times its normal size. On 
slipping the finger under the superior mesenteric artery a definite tightness 
and tugging could be demonstrated. 

A duodenojejunostomy was performed, and was followed by relief of 
symptoms. 

Case 46. — A woman, aged 63, entered the clinic complaining of pain in the 
right side of the abdomen with fever, loss of weight, weakness and constipa- 
tion. She had been apparently well until one year before, when she became 
aware of an occasional dull aching pain in the right side of the abdomen with 
flatulence and sour stomach. She had increasing constipation and her appetite 
was poor. 

Two months before she had been kept in bed for two days b\" a sharp attack 
of pain in the right side, with the appearance of a lump in the upper abdomen. 
This attack was accompanied by an elevation of temperature. The lump dis- 
appeared after copious emesis. For w’ceks after this attack she had occasional 
distress, and later another attack similar in character to the first; the swelling 
as before disappeared after vomiting. The bowels were costive. 

Physical e.xamination revealed an emaciated, poorlj' developed woman. The 
abdomen was thin walled, was flat and freely movable. There was a palpable 
tender swelling in the right upper quadrant. 

The blood and urinary findings were normal. 
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The diagnosis of cholecystitis was made. At operation by Dr, G, \V. Crile 
a large dilated duodenum was found. The patient's pulse became poor and the 
operation was confined to a narrowing of the lumen of the duodenum by block- 
ing it with silk sutures. 

The symptoms disappeared but one year later the patient returned and an 
extensive carcinoma of the sigmoid was found at an exploratory operation by 
Dr, Crile. Xo later report has been secured. 

Case. 47. — A man, aged 40, came to the clinic because of pain and a sensation 
of burning in the epigastrium. These symptoms had first appeared eighteen 
years before, at which time a diagnosis of cholelithiasis had been made. At 
operation no pathologic condition of the gallbladder had been found; at that 



Fig. 8. — Dilatation of duodenum caused by mesenteric obstruction. 


time the appendix had been remov'cd. The same .symptoms recurred and per- 
sisted for eight years when a gastro-enterostomy was done with no resultant 
relief. The pain and burning had recurred, and he continued to have occasional 
spells of vomiting. The bowels v,'ere costive, A diagnosi.s of a vicious circle 
was made. 

The physical examination revealed an anemic, pale man; the abdomen wa= 
scaphoid but showed no tendcrne.ss to palpation. 

Laboratory findings revealed normal urine, but the blood showed a secon.dary 


anemia. 

At operation by Dr, G. W. Crile. the duodenum was found to be 
dilated to almost the size of the stomach and the gastro-entero.^tom 
was practically closed by adhesions, .After the adhesions had been s 


markedly 
y opening 
evered by 
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sharp dissection the opening was found to admit three fingers. The enlarged 
lumen of the duodenum was narrowed by blocking the canal with interrupted 
silk sutures. 

The patient’s condition improved. 

Case 48 . — A woman, aged 30, entered the clinic complaining of pain in the 
abdomen. For thirteen years she had had pain in the abdomen, radiating to 
the intrascapular region, which she attributed to a strain from mountain climb- 
ing, The pain was not accompanied by nausea or vomiting. The bowels were 
very costive. She had frequent severe attacks of headache. Examination 
revealed a poorly nourished, asthenic woman with rather a yellowish tint to 
the skin ; the abdominal wall was lax, and there were evidences of gastroptosis. 
The blood and urine were normal. 

Roentgen-ray examination revealed gastroptosis and delayed emptying of 
the duodenum. 

Dr. G. W. Crile performed a duodenojejunostom}' and appendectomy and 
complete relief of symptoms resulted. 

Case 49 . — A woman, aged 29, entered the clinic complaining of distention 
of the abdomen and vomiting which had lasted for one year. The ankles were 
considerablj' swollen and the eyes w'ere puf¥ 3 % She had occasional severe 
headaches, which were followed and relieved by copious emesis which gave 
evidence of stasis (fluid or food was retained for ten hours). The vomitus was 
bile stained. Occasionally she had pain in the abdomen. During the preceding 
ten weeks she had lost in weight from 125 to 114 pounds (56.7 to 51.7 kg.). The 
bowels were costive. 

■ Examination revealed an anemic, undernourished woman, with evidence of 
gastroptosis. A splashing sound was elicited b)’’ pressure above the umbilicus. 

Roentgen-ray examination showed coloptosis and gastroptosis and gave 
evidence of duodenal stasis with dilatation of the bulb and of the first and 
second portions of the duodenum. The laboratorj' findings were : urine, normal ; 
Wassermann reaction, negative; hemoglobin, 85 per cent.; red blood cells, 
4.024,000; white blood cells, 5,400; differential count, normal. Gastric analysis 
revealed: free acid, 36; total acid, 59. 

At operation by Dr. G. W. Crile, it was found that the dilatation stopped 
abruptlj' where the duodenum passed under the root of the mesentery. A duo- 
denojejunostomy was performed and complete relief of sj’mptoms followed. 

Case 50. — A man, aged 45, entered the clinic complaining of headaches and 
vomiting. A past historj' of two attacks of tj'phoid fever at the ages of IS and 
35 years, respective!}’, was elicited. He had had recurrent headaches almost all 
his life. These had recently been less severe but more frequent. These head- 
aches were usually in the region of one temple or the other, and lasted from 
twelve hours to from one to three days. He was nauseated and frequently 
vomited, with resultant relief of the headache. 

The case was diagnosed as migraine and was treated medically with diet 
and luminal, but the symptoms persisted for the following two years when 
the patient came to the clinic. 

Physical examination failed to elicit any important points. 

The laboratory findings were; urine, normal; Wassermann reaction, nega- 
tive: hemoglobin, 80 per cent.: red blood cells, 3,470,000; white blood cells, 
5.7C0: differential count, normal. 

Roentgen-ray examination showed duodenal stasis and dilatation of the 
second and third parts of the duodenum. 
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At operation by Dr. T. E. Jones the duodenum was found to be markedly- 
dilated, and the pylorus was open admitting two or three fingers. It was evident 
that mesenteric obstruction was the cause of the dilatation. A duodeno- 
jejunostomy was performed and complete relief resulted. 

Case 51 . — K woman, aged 30, entered the clinic complaining of sick head- 
aches and goiter. She stated that for sixteen years she had been subject to sick 
headaches accompanied by vomiting, the vomitus being dark green. The head- 
aches occurred usually in the morning and were relieved by the vomiting, which 
usually- occurred about noon. The bowels were costive. 



Fig. 9. — Dilatation of duodenum with duodenal ulcer. 


The only significant points disclosed by physical examination were a colloid 
goiter and evidence of visceroptosis. 

The laboratory findings were; urine, normal; Wassermann reaction, nega- 
tive; hemoglobin, 90 per cent.; red blood cells, 4,020.000; white blood cells, 
8,300. 

Roentgen-ray examination showed an elongated and dilated descending duo- 
denum with antiperistalsis. The stomach and duodenal bulb were normal. 

At operation by Dr. G. W. Crile, the duodenum was found to be dilated 
as far as the point where it passed under the mesentery; from there on it 
appeared to be normal. 

A duodenojejunostomy was performed, and freedom from symptoms resulted. 
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Case 52. — man, aged 31, entered the clinic complaining of headaches and 
vomiting. There was a past histor}* of pneumonia and pleurisy. For sixteen 
years he had had attacks of headache, with nausea and vomiting, which had 
become progressively worse and more frequent until he was experiencing them 
from four to six times a month. The attacks began with pain over each temple 
followed by nausea and vomiting. A diagnosis of migraine had been made, 
medical treatment for which had failed to give relief. 

Physical examination was negative except for evidences of gastroptosis and 
coloptosis. The laboratory findings were normal. Roentgen-ray examination 
revealed dilatation of the second and third portions of the duodenum and 25 
per cent, retention in the stomach after four hours. 

At operation by Dr. G. W. Crile the duodenum was found to be dilated and 
obstructed at the point where the duodenum passed under the mesentery. A 
duodenojejunostomy was done, and an immediate relief of symptoms resulted, 
but the interval of time since operation has been too brief to warrant definite 
conclusions as to the permanency of the cure. 

Case 53. — ^A man, aged 42, entered the clinic complaining of abdominal 
pain, vomiting and loss of weight. He gave a past history of typhoid fever 
at the age of 14, appendectomy seven j*ears before, and of a plastic operation for 
duodenal ulcer four years before. For three years after the last of these 
operations he had no trouble, as he adhered to a fairly strict diet. During the 
preceding year, however, the patient had vomited at intervals, sometimes twice 
daily and sometimes only once a week. There was slight pain before emesis. 
He had lost 12 pounds (5.4 kg.) in weight. The vomiting was becoming pro- 
gessively worse. The bowels were costive. 

Examination revealed a poorly developed, rather emaciated man with a 
blood pressure of 90 systolic, 60 diastolic. The abdomen was scaphoid. Pal- 
pation was unsatisfactorj’. 

The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive; hemoglobin, 85 per cent.; red blood cells, 4,340,000; white blood cells, 
11 , 000 . 

Roentgen-ray examination showed the niche of a penetrating ulcer on the 
lesser curvature in the media of the stomach, and very much dilated second and 
third portions of the duodenum which suggested the presence of adhesions that 
had caused stenosis of the distal duodenum. 

Dr. \V. E. Lower resected the lower portion of the stomach containing the 
ulcer and performed a gastro-enterostomy (Billroth II). 

Tile ulcer tos considered to be the major pathologic condition in the case, 
accounting for the type of surgical procedure. 

Twenty days later the patient was free from sjTnptoms. This case is also 
too recent to permit conclusions as to the permanenc}' of the cure. 

Case 54 . — A man, aged 38. entered the hospital complaining of pain in the 
abdomen. He had had a previous gastro-enterostomy and appendectomy follow- 
ing which he had had occasional attacks of pain. For five I'ears he had had a 
dull throbbing pain in the right side. He had attacks of vomiting and head- 
aclies at intervals with attacks of cramps in the stomach and soreness and 
pain after meals. The bowels were costive. 

Examination revealed a fairly well developed man with evidences of gas- 
troptosis. There was tenderness to palpation in the region of the pylorus. 

The laboratorj' findings were: urine, normal; Wassermann reaction, nega- 
tive; blood, normal. 
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Roentgen-ray examination showed that some barium passed by way of the 
pylorus, a distorted duodenal bulb and stasis at the knee of the second and 
third parts of the duodenum. There was from 25 to 30 per cent, retention in 
the stomach, a dilated duodenum and jejunum in five hours. 

At operation by Dr. G. W. Crile the jejunum also was found to be dilated. 
A resection of the previous gastro-enterostomy with an end-to-end anastomosis 
of the jejunum was performed, and the patient was discharged from the hospital 
in an improved condition. 

Case 55. — ^A woman, aged 42, entered the clinic because of headaches and 
attacks of pain in the right upper quadrant of the abdomen with vomiting. She 
had suffered from these attacks for years. An appendectom}', a cholecystostomy, 
a cholecystectomy, and severance of adhesions to the common duct had been 
performed but without giving her any relief. The attacks had increased in fre- 
quency and seemed to occur in cycles of two weeks. During the attacks the 
patient vomited the contents of the stomach followed bj" a considerable amount 
of bitter, dark bile. During the attacks she sometimes experienced severe pain 
in the region of the gallbladder, radiating to the back and right scapula. The 
headaches were frontal in type, dull aching in character and were relieved by 
vomiting. There had been a slight loss in weight. 

Examination revealed a well developed woman, slightly anemic. 

The laboratory findings were normal. 

Roentgen-ray examination revealed a marked dilatation of the duodenum 
with stasis. The stomach and duodenal bulb were normal. 

This patient is to return later for duodenojejunostomy. She has been 
operated on five times without any relief from symptoms. I believe the correct 
diagnosis has now been established and that the duodenojejunostomy will result 
in a cure. 

Case 56 . — K man, aged 35, entered the clinic complaining of burning pain 
in the stomach for the relief of which an appendectomy had been performed ten 
years before but without avail. Since that time the distress had recurred at 
intervals and recently had been more or less constant and was sometimes 
accompanied by headaches and nausea; occasionally he had dizzy spells. A 
diagnosis of duodenal ulcer had been made and the patient had been put on a 
Sippy diet without relief. 

Physical examination revealed an undernourished man. The abdominal wall 
was flaccid and the transverse colon was palpable; some tenderness was felt 
over the gallbladder. 

The laboratory findings were: urine, normal; hemoglobin, 80 per cent.; red 
blood cells, 4,490,000; white blood cells, 6,800. Gastric analysis revealed: total 
acidity, 27.5; free hydrochloric acid, 10.5. 

Roentgen-ray examination showed a dilated bulb and duodenum; the 
stomach was normal. 

A diagnosis of dilatation of the duodenum was made and a duodenojejunos- 
tomy performed with complete relief of sj'mptoms. 

Case 57 . — K man, aged 42, entered the clinic complaining of nervousness, 
weakness and loss in weight. There was a past history of typhoid and pneu- 
monia. The appetite was fair, and he had no gastric symptoms except for gas 
in the intestines. The bowels moved fairly well. He had occasional attacks 
of diarrhea, but never any blood or mucus in the stools. 

Examination revealed palpable masses in the colon which felt like fecal 
material. The blood pressure was 104 systolic, 80 diastolic. 
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The laboratory findings were: urine, normal; Wassermann reaction, nega- 
tive; phenolsulphonephthalein, 52 per cent, in two hours; hemoglobin, 80 per 
cent.; red blood cells, 4,750,000; white blood cells, 7,800; differential count, 
normal. 

Roentgen-raj'^ examination revealed an irregular constriction and dilatation 
of the second and third portion of the duodenum. The stomach and duodenal 
bulb were normal, the cecum mobile and the ascending colon ptosed. 

A diagnosis of dilatation of the duodenum was made and operation advised. 
The patient is to return later 



PUNCTURE WOUNDS OF THE CEREBELLUM 

INJURY OF CEREBELLUM BY FOREIGN BODY ENTERING THROUGH 
JUGULAR FORAMEN, WITH REMOVAL AND RECOVERY 

HAROLD L. FOSS, M.D. 

DANVILLE, PA, 

In this day when one hardly dares submit a clinical report unless it 
is based on a large experience and is authoritative and acceptable from 
numerical vastness, if from nothing else, one cannot feel justified in 
detailing his clinical experiences with a "series of one case” unless that 
case is sufficiently extraordinary to be of unusual interest. 

Puncture wounds of the cerebellum are common enough, especially 
in time of war, but a penetrating wound of the cerebellum from an 
object entering the jugular foramen by way of the mouth is an extremely 
rare injury, while deep puncture of the cerebellum by a foreign body 
by this route, with removal of the body followed by recovery of the 
patient, is so unusual that the occurrence of such a case seems worthy 
of report. I find no similar example in the literature of recent years 
while a search through fifty older articles carrying general titles but 
touching on cerebellar injuries failed to reveal one, 

Huppert^ says concerning the penetration of the cerebellum by a 
foreign body, whether extracted or not, that the result is almost invari- 
ably fatal. In fact, this was the usual testimony, at least prior to the 
Great War; hence, it is exceedingly remarkable that a person should 
have survived a deep puncture of a cerebellar lobe when the object was 
a large and blunt one and when that object entered through the jugular 
foramen. Necessarily it was in the closest proximity to structures of 
no less importance than the ninth, tenth and eleventh cranial nerves, 
the inferior petrosal sinus, the lateral sinus, and the meningeal branches 
from the ascending pharyngeal and occipital arteries. Such a patient 
has recently been under my observation. 

I was inclined seriously to question the possibility of such an 
injury as that interpreted by the roentgenologist, who telephoned his 
diagnosis to me, and was unconvinced until I had examined the plates 
and, later, the patient. That the object had traversed the lateral wall of 
the pharynx, had entered the jugular foramen, and had penetrated the 
left cerebellar hemisphere to a depth of 5 cm. could not be questioned. 

REPORT OF CASE 

History. — S. H., a boy, aged years, was admitted to the hospital on the 
evening of March 28, 1923. The mother said that alwut one hour before the 
child, while running with a double ended ivory crochet hook in its mouth. 


1. Huppert: Arch. f. Heilk. Berl. 6, 1875. 
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tripped, fell forward on his face and immediately began violently coughing and 
vomiting. In a moment or two he coughed out one-half the hook, which had 
broken at its center, and, as the remainder could pot be found, it was supposed 
that it had been swallowed or insufflated. The child, although fully conscious, 
seemed totally unable toi talk or cry. For a few minutes there was slight bleed- 
ing from the nose. The patient was at once placed in an automobile and sent 
to the hospital, some fifteen miles distant. 

Physical Examination . — The patient was well nourished and developed. He 
lay quietly on the cot, occasionally coughing and vomiting. He neither talked 
nor cried, and seemed unable to do either. The pulse was 110, the temperature 
normal, the respirations slightly hurried and accompanied by a wheezing inspira- 
tory stridor. There was a large quantity of mucus and vomitus in the mouth 
and throat, which the patient seemed unable to expel. On its removal and on 
examination of the mouth and pharynx, no lacerations were discovered and no 
sign of the missing crochet hook. The general physical examination, hurriedly 
made at this time, was negative. 

The patient was immediately examined fluoroscopically with the full expecta- 
tion of finding the missing object in the upper air passages or in the alimentary 
tract. No evidences of it were found in the abdomen or in the thorax. It was 
almost by accident that the screen was moved over the child’s head revealing the 
metal end of the hook in the upper pharynx, and, on lateral view, it was found 
to project into the left cerebellar hemisphere for nearly its entire length. Stero- 
scopic plates were made, immediately developed, and the hook definitely localized 
in the brain. 

The patient was at once prepared for operation. Since nitrous oxid caused 
profound cyanosis, it was discarded for ether, but even then with only partial 
success. With the aid of mouth gag and head mirror a tiny punctured wound 
was found in the upper portion of the left anterior tonsillar pillar through 
which a probe could be passed for 5 or 6 cm., at which point it came into con- 
tact with the metal screw on the end of the lost crochet hook. It was necessary 
to incise the tract so as to admit forceps, several of which were tried before a 
satisfactory one was found. Finally, a long Hagar needle holder being used, 
the screw on the end of the ivory hooks was grasped, and, with a slight rotating 
motion, the hook removed. The object was firmly fixed, and a surprising 
amount of traction had to be used before it could be loosened. When it finally 
came away there was a sudden and profuse hemorrhage from the wound which 
was at once controlled by a long iodoform gauze pack. The child’s respirations 
at once ceased. For ten minutes artificial respiration had to be resorted to, 
after which period the patient began to breathe again; in a few minutes he was 
breathing naturally. 

When the patient returned from the operating room his temperature was 97 
degrees, pulse 120, and respirations 50. That night the patient vomited slightly 
and coughed occasionally. Extreme restlessness was finally controlled by codein. 
On the following day the pack was removed. Twenty-four hours after the 
operation the left eyelids became slightly swollen, and, at the same time, the 
left car became discolored. During the first few days there were wide fluctua- 
tions in the temperature but by the ninth day both temperature and pulse were 
normal. Following the operation, and until the patient left the hospital, thirteen 
days later, he experienced great difficulty in swallowing, much of the liquid 
food returning through the nose. There were no urinary changes other than 
an increase in the specific gravity, and no glycosuria (Claude Bernard). 
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The second day the eye grounds were negative and neither strabismus nor 
nystagmus were present. The child lay quietly in bed, and, except for great 
difficulty in swallowing, seemed quite normal. There apparently was no involve- 
ment of the facial nerve and no changes in the reflexes. 

The fourth day the patient had difficulty in swallowing. The food regurgi- 
tated ■ through the nose. Talking was difficult. Apparently there were no visual 
disturbances. 



Fig. 1. — Anteroposterior view within an hour of the accident, showing shadow 
of handle of crochet hook with steel screw. 

The fifth daj' the patient was out of bed. There was a tendency for the 
child to fall to the left when walking, and it was impossible for him to walk in 
a straight line. He swallowed better with no regurgitation through the nose. 
At no time were there evidences of meningitis. 

The sixth day the ataxia was less pronounced but the patient still displayed 
some tendency to fall to the left, these being the only signs of dysmetria or 
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asj’iiergia exhibited. He talked better and swallowed much better. At no time 
were there convulsions. 

The thirteenth day the patient was discharged. He still showed a slight 
tendency to veer to the left and had some difficulty in swallowing. 

For five or six weeks after returning home the child experienced slight 
difficulty in swallowing. The mother was obliged, therefore, to be cautious in 
selecting his food. Solids could be taken only with great difficulty for on such 
occasions the patient would “choke up” and regurgitate froth and mucus. For 
several weeks speech was impaired but it finally became normal. For a long 
time the patient talked only in a whisper. 

He was reexamined, November 29, ten months following the injury, at which 
time the p’atient seemed normal in every particular. 

I reported the case to several neurologists, who have kindly permitted me to 
add their comments to this paper. 

Dr. William G. Spillek: The case you describe in j^our letter is one of 
exceptional interest. It is remarkable that the child had no hemorrhage and 
had so little reaction. The course of the crochet hook seems to indicate that the 
foreign body passed to one side of the medulla oblongata, and thus escaped 
injuring vital structures. The great danger now is from infection, and if it 
escapes this, there may not be any serious symptoms. The point of entrance .into 
the skull was through the jugular foramen, and yet the hook avoided the inferior 
petrosal sinus, the lateral sinus, the meningeal arteri'es, and the ninth, tenth and 
eleventh nerves. The facial and acoustic nerves were not far away. It is difficult 
to examine all these nerves in a young child, and there may be some injury 
which cannot be detected at present. 

Dr. F. X. Dercum: I am greatly interested in the very remarkable case 
which you describe. Like yourself, I know of no similar case. Both the acci- 
dent and the outcome are most extraordinary. It seems almost impossible that 
the inferior petrosal sinus and^ the lateral sinus or the glossopharyngeal and 
spinal accessory nerves should have escaped. Of course the difficulty in swal- 
lowing and regurgitation might be accounted for by injury of the glossopharyn- 
geal, but this, according to the history, seems not to have been serious in nature, 
for tlie symptoms early disappeared. You no doubt examined the child for 
hemiasynergia, dysmetria, adiadokokinesis and allied symptoms, and, if they were 
absent, this would confirm the view that the injury of the cerebellum was limited 
to the lateral lobe. 

Subsequently, he wrote: I have examined your plates and there can be no 
doubt as to the position occupied by the crochet needle and I cannot but again 
express my amazement at the recovery. I am returning the plates by this mail. 
I feel under great obligations to you for permitting me to see them. I trust that 
you will now publish your paper without further delay. 

Dr. Walter E. Dandy: Your case is indeed an interesting one. It was 
certainly a far-seeing needle to have ever been able to find the jugular foramen. 
I wonder if the child had convulsions either at that time or subsequently. There 
is no reason why it should have had them, but it would be very interesting to 
know that it did not. There are, of course, many cases of foreign bodies, but 
none that I know that entered through the jugular foramen. 

Dr. Charles A. Elsberg: The case you describe in your letter is certain!}' 
a very interesting one and a most unusual accident. I have never seen nor 
heard of an injury of this kind. I have, however, seen a child who fell w'ith a 
buttonhook in its mouth and sustained a puncture w'ound of the nasopharynx 
with a perforation into the cranial cavity. When I saw the child, she had the 
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signs of a meningitis to which she rapidly succumbed. I think the result you 
obtained in your remarkable case is an excellent one. 

Dr. C. H. Frazier : I have read with much interest the account of the punc- 
ture wound of the left cerebellar hemisphere. So far as I can recall, we have 
no record of an injury of that nature. Of course the attacks of respiratory 
failure associated with lesions of the posterior fossa, and particularly cerebellar 
tumor, have been observed often and. as you no doubt know, in some cases 
life has been prolonged by artificial respiration from eighteen to twenty hours. 
That is. the patient survived eighteen hours or more after voluntary respiration 
had been wholly lost. Recovery in your case is extremely gratifying. 



Fig. 2. — Lateral view within an hour of accident, showing shadow of crochet 
hook in jugular foramen and cerebellar fossa. 


Dr. a. W. Adson: I have never personally had a case of this kind and, off 
hand, I do not recall having heard of one. I think that it would be well worth 
while to go into the case fully and report it. 

Dr. Harvey Cushing: I am glad to have the details of this extraordinary 
case. I am quite sure that I have seen records of similar episodes, and it is an 
old wives' caution for children that they must not run about with sharp pencils 
or scissors in their hands lest they get their brains punctured. However, that 
the weapon should be a crochet needle and that it should go through the jugular 
foramen is such an unusual combination of circumstances as to justify a clinical 

report of the case. 
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PHYSIOLOGY OF CEREBELLUM 

Although our knowledge of’ cerebellar physiology is extremely lim- 
ited, we do know that severe injuries of the cerebellum produce certain 
phenomena, known collectively as the “cerebellar syndrome,” consisting 
chiefly of ataxia, the component parts of which are : dysmetria, a term 
used to designate disturbances in the performance of voluntary move- 
ments; asynergia, or lack of synchronization, and adiadokokinesis, an 
inability to execute voluntary movements successively and rapidly. 

In some way the cerebellum exerts a regulatory influence on the 
nervous mechanism, thus controlling voluntary movements, and we may 



Fig. 3. — Position of ^YOund of entrance in left anterior tonsillar pillars. 

accept the original idea of Floureus (1824) that the organ is a coordi- 
nating center for the complex voluntary movements utilized in pro- 
ducing locomotion and in maintaining equilibrium. 

Cerebellar influence on body musculature is homolateral; that is, 
each hemisphere is associated with its own half of the body; while its 
connection with the motor area of the cerebrum is just the reverse, the 
right cerebral hemisphere being in relation with the left half of the 
cerebellum. The degrees of consciousness shown by the small brain is 
slight, or. at least, of a much lower order than that of the cerebrum, 
since experimental removal of the cerebellum produces no apparent 
loss of sensation (Howell). 
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In animals, experimental removal of all or part of the cerebellum 
produces no striking evidences of muscular paral3fsis, but, instead, a 
curious lack of power to coordinate properly the contractions of the 
various muscles involved in the maintenance of equilibrium. Follow- 
ing cerebellar resection pigeons are unable to fly, and they walk with a 
staggering, drunken gait, a condition designated as cerebellar ataxia. 

Unilateral operations on the cerebellum of mammals give somewhat 
similar results. If one hemisphere is resected, there is a tendency to 
forced movements directed toward the injured side, a turning or rota- 
tion of the body to left or right. 

In human beings afflicted with cerebellar atrophy or neoplasm, the 
fundamental symptom is lack of accurate coordination, as manifested 
by an ataxic gait and lack of -skill in performing definite movements 
that require the associated activity of several muscles. 

A review of the more notable case reports in the literature of cere- 
bral and cerebellar traumatism by puncturing objects may at this time 
be of interest. 

Slee : * A plumber, aged about 30, was shot in the abdomen and thigh ; he was 
operated on and death followed two days later from general septic peritonitis. 
Necropsy, Feb. IS, 1890, revealed a knife blade inch wide penetrating 1 inch 
(2.5' cm.) into the left occipital lobe. The point of the blade was ensheathed in 
a strong fibrous capsule ; there was no depressed or displaced bone ; the blade was 
black, corroded and showed signs of having been in position for years. Inquiry 
showed that the man's family had never known of an injury that had caused 
cerebral or other symptoms during life. 

Delanglade : * A man, aged 17, fell from a ladder a distance of 2.5 meters : 
an open knife held in the hand penetrated 4 cm. into the frontal lobe and 3 cm. 
above the orbital margin. The knife blade was extracted by traction in the direct 
axis of the blade. There were no hemorrhages, and no sutures were taken. 
Treatment was given with compresses, and recovery followed in twelve days. No 
after symptoms were noted and no injurj'^ to the eye except a slight degree of 
ptosis. 

Valias:^ A man, a mason, had a stone weighing 2 kg. fall on his head: a 
few days later he suffered the onset of jacksonian epilepsy and right hemiplegia. 
Physical examination revealed a 2 cm. long knife blade in the left side of the 
brain. Extraction of the blade was followed by death two days later from dif- 
fuse meningitis. Necropsy showed that a blade had pierced the paracentral 
lobe. Inquiry revealed that a knife blade had been in the brain for two years 
as the result of a brawl, but that it had caused no cerebral symptoms. 

Kennedy : ' A boy, aged 3j^ years, while wearing a straw hat, fell on an iron 
spike which penetrated the head 1 inch (2.5 cm.) above the right ear and car- 


2. Slee, R. : A Knife Blade Found in the Brain Years After Its Entrance. 
Death Resulting from Other Causes, Jled. News 59:95-96 (July 25) 1891. 

3. Delanglade: Penetration of a Large Knife in the Brain Across the Orbit, 
Marseille med. 38:681-684, 1901. 

4. Valias: Foreign Bod.v in Brain, Lj-on med. 98:362-364, 1902. 

5. Kennedy, R. : Case Presenting a Sinus Which Traversed the Cranium 
Completely and Contained Some Portions of a Straw Hat Carried into the Brain 
by Means of a Spike, Glasgow M. J. 63:42-44 (Jan.) 1905. 
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tied pieces of straw into the brain. No immediate symptoms followed. Three 
and one-half months later he suffered drowsiness, febrile disturbance, headache, 
vomiting and the wound was discharging pus. Examination under anesthesia’ 
revealed a large sinus traversing the temporosphenoidal lobe of the brain to the 
opposite side of the skull which was filled with pus and short pieces of straw. 
The sinus was cleared out, packed with iodoform gauze, and drained. Complete 
recovery took place two months later. Examination two years and four months 
after operation showed the patient to be in excellent physical and mental health. 

Gallemaerts : ® A girl, aged 5 years, fell while running with a crayon in her 
hand; the pencil penetrated the left internal canthus 3 cm. into the frontal lobe; it 



Fig. 4. — Probable position taken by instrument in left jugular foramen and 
cerebellar fossa. 


remained there twentj’-four hours before it was extracted with a forceps. Infec- 
tion followed. Deep drainage was instituted and there was complete recovery 
after two months. No cerebral or ocular symptoms were noted. One year later 
the patient died apparently from influenza. Necropsy showed complete softening 
of the frontal lobe due to a streptococcic abscess extending from in front of the 
lenticular nucleus to a region of the third ventricle. An abscess had developed 
gradually, provoking no cerebral trouble but causing pupillary stasis. 

■ 6. Gallemaerts. E. : Foreign Body in Brain (Colored Crayon) Penetrating 
Through the Orbit. Prcsse oto-laryngol. beige 10:529-535, 1911. 
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Blaine : ‘ A Slav, aged 43, fell from a wagon, striking his head on the pave- 
ment; he had headache and vertigo. Roentgen-raj' examination revealed a knife 
blade 1.5 cm. wide and 8 cm. long extending from the right frontal bone to 
the middle and posterior ethmoid region. Left sided body retardation suggested 
that the blade had been embedded for the last twentj- j-ears; the real cause of 
the injurj' could not be learned. A lumbar puncture was made; the Wassermann 
reaction and the spinal fluid were negative. The patient was discharged after a 
few days in normal condition. 

Gessner ; * A chauffeur, aged 34, had a hemorrhage from the left ear and 
received a diagnosis of probable fracture of the base of the skull. Nine daj-s 
later he had complete left hemiplegia and was in a sluggish mental condition; the 
eye grounds were normal. Roentgen-ray examination showed a 2 inch (5 cm.) 
knife blade stuck through the vertex on the right near the anterior superior angle 



Fig. 5. — Probable position of instrument in left cerebellar hemisphere. 


of the parietal bone. An operation for removal of the knife blade was performed 
on the eleventh day, and one half ounce (15 c.c.) of pus was drained from the 
track. A cigaret drain was established, with iodoform gauze and bone wax pack- 
ing. The drain was removed on the thirteenth day, and there was complete and 
uninterrupted recovery. 

McLean:® A girl, aged 5 years, was kicked in the head by a horse; the 
depressed fracture resulting was operated on at once. A stormy convalescence 

7. Blaine, E.: Knife Blade in Brain; Roengen-Ray and Clinical Findings, 
Am. J. Roentgenol. 4:622-624. 

S. Gessner, H. B.: Removal of a Foreign Body from Brain. Xcw Orleans 
M. & S. J. 69:636-638 (March) 1917. 

9. ItlcLean, S. H. : A Piece of Steel in the Brain Eighteen Years, South. M. 
J. 11:245 (ifarch) 1918. 
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was followed by recovery six weeks later. At the age of 23, the patient had 
headaches and twitching of the foot and of the leg. In October, 1915, at opera- 
tion, a forceps blade 2j^ inches (6.27 cm.) long was found between the dura and 
the skull and was removed. Complete recovery followed one week later, and she 
was enjoying perfect health two years after the operation. The steel object had 
been in the brain for eighteen years. 

• Reynes : “ A man, aged 25, who was insane, in an attempt to commit suicide 
tore two picture nails cm. long from the wall and with a stone drove both 
nails into the top of his head. No fever, hemorrhage or meningeal symptoms 
resulted. Some days later, when he confessed the suicidal attempt, physical exam- 
ination revealed two small scars in the median line of the scalp. Roentgen-ray 
examination showed two nails embedded in the brain; these were successfully 
removed with a forceps. A few days later the patient drove a needle into the 
brain through one of the wounds. Slight symptoms followed. The needle was 
successfully removed. He died some years later from an unknown cause. 

Davison : “ The patient had engaged in a fight and had been stabbed in the 
left side of the head with a pocket knife, after which he was unconscious for- 
two hours. He slept well that night, was up early the next morning and walked 
two miles to his own home, where he ate heartily and had no symptoms except 
from the slight scalp injury; three days later he “turned sick and blind,” and 
though he could still walk he went to bed. On the seventh day the patient 
noticed a tingling in the foot, leg and hand on the right side. Numbness and 
finally paralysis developed. He lost control of his bladder and rectum. He did 
not remember events during the third week, and had only a hazy recollection of 
being taken to the hospital. There was then complete hemiplegia of the right 
side. The patient was in a semicomatose condition, although he could be aroused. 
Roentgen-ray examination showed a knife blade 1% inches (2.8 cm.) in length 
in the skull, in the left rolandic area. The author trephined, removing a section 
of bone 2.5 by 3 cm. with the knife blade in the center. When the section of the 
skull was lifted, the dura was exposed showing an opening by the blade through 
which exuded a thick greenish yellow pus. The brain was not pulsating in this 
area. A crucial incision was made in the dura which exposed an abscess the size 
of a hen’s egg. Recovery followed. 

Flesch : “ A woman, aged 34, was shot twice with a revolver of 7.5 mm. 
caliber; one of the bullets entered the skull and was localized roentgenologically 
in the left hemisphere. A paralysis of the left upper and lower extremities soon 
disappeared. Ten weeks after discharge from the hospital the woman complained 
of left occipital headache. Roentgen-ray examination disclosed that the bullet now 
lay in the left occiput. The migration could hardly have resulted through abscess 
formation or gravit 3 \ ft "’as assumed that this might have taken place by way of 
the lateral ventricle, and experiments on cadavers made this theory seem plausible. 
At operation, two j'ears later, the bullet was actually found in the left lateral 
ventricle. Recovery was made. 

The literature of cerebellar injury was considerably enriched during 
the war; some of the papers of this period are mentioned here. 

10. Reynes, H. : A Strange Attempt at Suicide; a Degenerate Hammers Two 
Nails into His Brain with a Stone, Bull. Acad, de med. 84:102-103 (Oct. 5) 1920. 

11. Davison, T. C. : Knife Blade in Brain, J. M. A. Georgia, 11:267 (July) 
1922. 

12. Flesch: Migration of a Projectile into the Lateral Ventricle Confirmed 
by Operation, .'Vrcli. f. klin. Oiir. 121:56 (Dec. 14) 1922. 
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Milligan reported in 1916 a case of a soldier wounded at Ypres by 
a piece of shell which, passing through the skull, had entered tlie 
anterior portion of the left cerebellar lobe. Severe hemorrhage resulted. 



Fig. 6. — Anatomic structures entering or leaving jugular foramen : A, glosso- 
pharyngeal, pneumogastric and spinal accessory nerves; B, meningeal branches 
from ascending pharj-ngeal and occipital arteries. 

possibly from the lateral sinus. When seen a suppurating sinus led 
down to the foreign body. Removal was easily effected and complete 
recover)' ensued. 

13. I^Iilligan, W.: Removal of a Piece of Shell from the Cerebellum of a 
Soldier Wounded at Ypres, Proc. Roy. Soc. Med., London, Otol. Sect. 9:31, 1915- 
1916. 
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In an article on gunshot injuries of the cerebellum published in 
1917, Holmes states that tlie cerebellum may be regarded as a “motor 
reinforcing organ.” “It seems probable that it takes no direct part in 
the processes that produce motor effects, whether initiated reflexly or 
A'oluntaril}', and that it does not augment these, but that it tunes or 
regulates the activity of certain motor mechanisms, most probably 
spinal, so that the response to a volitional stimulus is immediate, effec- 
tive and proportional to the intensity of the cerebral impulse. Astasia 
is not such a prominent symptom in most local lesions of the cerebellum 
in man as in animals after experimental destruction, though it varies in 
degree in different cases. Clinical obser^^ations confirm Luciani’s con- 
clusions that atonia, asthenia and astasia, the triad of S}Tnptoms to 
which he attributes all the function disturbances, result from cerebellar 
lesions.” 

Holmes found with the cerebellum cases under his observation that 
in man)’ instances the primary wounds were large and the softenings, 
hemorrhages and septic processes that so frequently accompany such 
injuries undoubtedly increased the extent of the destruction. The 
majority of wounds involved tlie posterior inferior surface of the 
cerebellum ; most of them were referred to the lobus gracilis, but prac- 
tically every region except the anterior superior portion was affected 
in one or more cases. 

In tivo patients fragments of bone were driven along the under 
surface of the tentorium, so that the injury was limited to the superior 
surface. In others missiles had entered through the occipital or parietal 
lobes and had penetrated the tentorium. Thus far Holmes has found 
no definite evidence of localization in the cerebellum. Holmes’ findings 
do not agree with Barany’s \dews as to functional localization. He 
says, however, that there can be no doubt that the relative prominence 
of different symptoms, such as tremor, slowness and incoordination of 
movement, as well as nystagmus, varies with tire site of the lesion. 

Holmes in another article cit^ the case of a man who, in an 
attempt to commit suicide eight years before the article was written, 
shot himself through the mouth and produced extensive destruction of 
one lateral lobe of the cerebellum, in which fragments of metal still 
remained. Another patient had been wounded by fragments of shell 
casing twenty months before and had been trephined over the lateral 
lobe. Details of the results seem to be wanting. 

A remarkable case is reported by Jefferson of a Tartar boy, aged 
18, a chauffeur who was struck by a bullet 12 cm. above and 1 cm. 

14. Holmes, G. : The Symptoms of Acute Cerebellar Injuries Due to Gunshot 
Injuries. Brain 40:461-535, 1917. 

15. Jefferson. G. : Removal of Rifle Bullet from Right l-obe of Brain, 
Illustrating the Spontaneous ilovement of a Bullet in the Brain, Brit. J. Surg. 
5:422. 1918. 



FOSS— PUNCTURE WOUNDS OF CEREBELLUM 


55 


behind a line drawn vertically upward from the preauricular point. 
The bullet track ran downward and backward. Roentgen-ray exami- 
nation revealed the bullet lying in the right cerebellar fossa. The object 
lay obliquely, with its nose downward, inward and forward, suggesting 
that it had been deflected after entering the skull. It apparently was 
embedded 3 cm, deep in the right lobe of the cerebellum. The chief 
localizing signs were nystagmus toward the right, a tendency to fall 
always toward the right, and right sided dysdiadokokinesia. When 
another roentgenogram was made nineteen days after the injury, the 
bullet was shown to have sunk backward until it was separated from 
the inner surface of the occipital bone by barely 1 cm. This general 
movement backward had been accompanied by version of the bullet, 
so that its nose which formerly pointed forward, downward and inward, 
now pointed backward, upward and inward, the general lie of the bullet 
being now horizontal. The bullet had therefore traversed a distance 
of 2 cm., its base having gone through a relatively large excursion. 
The bullet was easily extracted through a trephine opening. 

Neuhoff relates some of his war experience in a rather general 
way. Nothing is said particularly about cerebellar wounds. The total 
mortality for operated head wounds, including deaths from other 
causes and deaths after leaving the hospital, was 42 per cent, in dural 
penetrations in the first series of cases ; this was reduced to 29 per cent, 
in the second series. The author concludes that the ultimale progjiosis 
for patients with craniocerebral wounds after complete early operations 
is far more favorable and cheering than was generally thought to be the 
case. 

COMMENT 

Much has been written regarding traumatic injuries of the brain, 
especially the cerebrum, and from this literature it is ajjparcnt that the 
individual can survive deep penetrating injuries of this organ even 
when the object is not removed. Accounts of such injuries involving 
the cerebellum are extremel)'- rare or, at least, were so until the advent 
of the medicomilitary literature of the Great War. That penetration of 
the cerebellum by an object traversing the mouth and entering the 
skull through a basal foramen is, naturally, most unusual, and careful 
search of the literature fails to reveal an example. That such an injury 
can occur and the patient rapidly recover with but slight temporary, 
and no permanent, disturbances, is shown by the experience of the patient 
whose history has been described here. 

16. Neuliof, H. : The Surgery of Craniocerebral War Wounds and Its Results. 
Arch. Neurol. & Psychiat. 2:237, 1919. 



GROWTH DISTURBANCES FOLLOWING RESECTION 

OF JOINTS* 

S. L. HAAS, M,D. 

SAN FRANCISCO 

The advisability for the resection of a joint in a growing individual 
with intact, epiphyseal cartilage plates is the subject for as much discus- 
sion today as it has been during the last century and a half. 

It is of considerable interest to recall briefly the early history of 
joint resection, bearing in mind the added difficulties in the days before 
antisepsis and anesthesia. The first resection of the hip joint is accred- 
ited to Anthony White in 1721, the first resection of the elbow joint 
to Wainman in 1758, and the first resection of the knee joint to Filkin 
about the same time. However, the credit for the first successful resec- 
tion of the knee joint is generally given to Park of Manchester. His 
patient, a man aged 33, obtained such a good result that he was able 
later to go to sea. 

Of more direct interest because of its bearing on the subject under 
investigation is the first successful resection of a knee joint on a young 
patient, by Syme.^ This operation performed in 1829 on a boy, aged 8, 
came out so well that he could walk and run without trouble. It was 
necessary, however, for him to wear a raise of 2 inches (5 cm.) on the 
shoe of the operated side. From this time on, we find adherents for 
and opponents to the resection of joints in growing patients., 

Brodie,' in his book written in 1834, says that amputation is the 
method of choice in infections that do not clear up. 

Humphry ® in 1858 made the following statement : 

The fact that the growth of a bone in length takes place chiefly through the 
medium connecting the epiphysis with the shaft has assumed great practical 
importance since the successful revival of the operation of excision of the knee. 
It is maintained by some that if the operation be performed in children, the limb 
will not grow in like proportion with its fellow and therefore will be com- 
paratively useless. This has not been found to be so in all cases, and it is 
highly probable that the subsequent, proper growth of the limb, will depend in 
great measure on the quantity of bone that is sawn awaj'. But if care be taken 
to leave a thin slice of the epiphysis in connection with eacli of the bones, experi- 

* From the surgical laboratory of Stanford University School of Medicine. 

1. Syme, James: Treatise on the Excision of Diseased Joints, Edinburgh, 
Southerland and Knox, 1831. 

2. Brodie, B. C. : Disease of the Joints, London, Longman, Rees, Arme, 
Brown and Longman, 1834. 

3. Humphry, George: A Treatise on the Human Skeleton, London, 
Macmillian Company, 1858, p. 44. 
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ence has proved it to be pretty certain that the growth will go on with little 
interruption and a useful limb will be retained. 

Humphry has performed several resections in growing person.^, and 
his statements lead one to believe that he had given a great amount of 
thoughtful consideration to this subject. 

Coote^ (1867) says: 

I am no strong advocate for the operation of resection of the knee joint under 
any circumstances, and disapprove of it almost unconditionally in children, in 
whom the limb afterwards becomes year by year weaker, more withered and 
less equal to the opposite member. 

Koenig® (1867) reported two successful cases of knee joint resec- 
tion. One of the patients had a shortening of 1.5 cm., and the other 
a shortening of 5 cm. He also tabulated 110 other cases by various 
surgeons, up to that time. He made a study of the variation of the 
heights of the epiphyseal cartilage from the articular surfaces of both 
the tibia and the femur at the ages of 11, 16 and 18 years, and gave 
some useful guides for the protection of the epiphyseal cartilage. 

Sayre ® (1876) practiced resection of joints, but in. his lectures say.'; : 

If the disease is not sufficient to warrant complete exscction, you may remove 
all dead bone bj' drilling and gouging; pass setons of oakum or perforated rubber 
tubing through the joint for drainage, and conduct the treatment on the general 
plan recommended when speaking of the management of the ankle joint. 

Thomas ^ ( 1878) says, 

As regards excision of joints, my experience will not allow me to endorse the 
opinion of Professor Spense, that the operation is "so obviously an advance in 
the right direction,” but I have been convinced tliat it is a step in the wrong 
direction. In neglected or wrongly handled cases in some cases there is no 
alternative and excision is indicated. 

In 1892 Whitman ® came to the conclusion from his observation on 
tuberculosis of the knee joint in children that scientific conservative 
treatment was preferable to excision of joints. In his recent books he 
adheres to the same view, and bases his opinion on the facts that there 
is too great a shortening following complete removal of the epiphy.>;i> 
and that in those cases which might respond to partial exci.^irui. cure 
might be obtained by the conservative method. 

4. Coote, Holmes: On Joint Diseases, London, Robert Hardwickc, 1807. 

5. Koenig: Beitrage zur Resection dcs Kniegelenkes, .Arch. f. klin. Chir. 
9:177, 1868. 

' 6. Sayre, L. A.: Lectures on Orthopedic Surgery and Disca«e.s of the 

Joints, New York, D. Appleton & Co., 1876. p. 223. 

7. Thomas, H. O. : Disease of the Hip. Knee and .Ankle Joints. L'i!’.d'>r:. 
H. K. Lewis, 1878, p. 168. 

8. Whitman, Royal: Observations on Tuberculous Knee Joint l)i'<ri'e in 
Childliood, Arch. Pediat. 9. 1892. 
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Sherman® (1897) came to the conclusion from his observation on 
operations on the knees of two children that it is possible to remove 
the articular cartilages of the femur and tibia and all the ossified 
portion of the epiphysis, and only interfere to a very limited degree 
with growth of those bones. He also reported at that time an operation 
by which he removed the entire ossified part of the epiphysis through a 
trephine opening over the inner tuberosity of the tibia, and another 
lesion in the juxta-epiphyseal region of the same bone, which was 
removed by a similar method. 

Townsend^® (1899) concluded from his own observation that 
excision of the knee joint should rarel}*^ be performed before puberty, 
but that erasion, arthrectomy and partial operations are to be preferred. 
Shortening will usually follow and will depend on the amount of bone 
removed and the age at which the operation is performed. Protection 
should be given to the knee for a long time after operation to prevent 
flexion deformity or genu recurvatum. The leg should always be put 
up straight. In septic cases amputation is to be preferred to excision. 

Jones and Lovett,^^ in their recent book, state that open operation, 
except the excision of abscesses, should rarely be called for and never 
in the early stage of the disease. In acute angular flexion with external 
rotation and subluxation, it may be necessary in adults to perform 
wedge exsection, removing the joint surfaces and correcting the aline- 
ment and displacement. If this is done in young children there is 
danger of stopping or deviating the growth of the epiphysis and causing 
serious shortening. 

Allison,^® in a recent article, states that in subjects who have not 
gained their bone growth, but who have tuberculosis of the knee, it 
would seem wise to make the diagnosis early by exploratory arthrotomy, 
to secure the diagnosis by section of tissue removed and by guinea-pig 
test. In case the disease is positively found to be tuberculosis, the joint 
cartilage should be removed from the femur, tibia and patella, in order 
to secure at an early date an ankylosis with the leg in straight vertical 
position with the thigh, as described by Hibbs for ankylosing the knee 
joint in adults. He also states that the interference from this operation, 
in which the integrity of the epiphysis is preserved, is not greater than 
may occur by the conservative method with the use of crutches, plaster- 

9. Slierman, Harry: Erasion of the Knee in Children with Conservation 
of the Epiphyseal Cartilages, South. Calif. Pract. 13:3 (March) 1898. 

10. Townsend, W. R. : The Prevention of Deformity After Excision of the 
Knee in Children, New York. M. J. 69:436, 1899. 

11. Jones and LoA’ett: Orthopedic Surgerv, New York, William Wood & Co., 
1923. 

12. Allison, N. : The Surgery of the Knee Joint, Surg., Gynec & Obst. 39:4 
(Oct.) 1924. 
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of-Paris splints and braces, and the lack of function of the lower extrem- 
ity throughout the growing period. 

Baldwin at the Shriners’ Hospital for Crippled Children, San Fran- 
cisco, favors the careful resection of tuberculous knee joints in chil- 
dren. It was the work at this hospital that gave the impetus for the 
present investigation. 

From this incomplete review of the literature and the writings of 
others not enumerated, it is found that the majority of surgeons favor 
the conservative treatment of joint disease in growing persons. This is 
especially so in the case of the knee joint, in which the adjoining epiph- 
yses is responsible for the greatest increase in length growth. An 
exact determination of the disturbance in growth in the human limb 
following operation is rather difficult. It is necessary to exclude an 
existing shortening or lengthening. There also is the possibility of 
error in measurement due to tilting of the pelvis and the adduction or 
abduction of the limb. In order to get some definite data relative to 
interference in growth following resection of the knee joints, twelve 
experiments were performed on young growing rabbits. Onty four of 
the experiments will be reported because the other animals did not sur- 
vive a sufficient time to allow for any deduction. 

METHOD 

Under general anesthesia, with aseptic precautions, the knee joint 
was exposed b}’^ a curve incision below the patella. The patella ligament 
was severed or thrown back with a piece of the tubercle of the tibia, 
after which the crucial ligaments were severed and the semilunar car- 
tilages. removed with their attachments. The articular cartilage, with 
a thin la3fer of adjoining bone, was removed from the tibia, the femur 
and the under surface of the patella. Two shallow grooves were cut in 
the tibia for the reception of the condjdes of the femur, and after their 
approximation the denuded patella was replaced. Tlie patella tendon 
was sutured in place, and the wound closed in layers. A plaster dress- 
ing was applied, extending from the toes to the groin only, as it was 
found impractical to use a complete spica. Complete fixation was not 
necessary as these experiments were not intended primarily to cause 
an ank}*losis. 

PROTOCOLS 

Experimext 1. — The knee joint of the right leg of Rabbit 09 was opencfl aipl 
the articular cartilage with a thin layer of bone was removed from both the tibia 
and fibula. Two grooves were prepared in the tibia for the reception of the con- 
dj'les of the femur. The two approximated bones were kept in appositi<^n by .an 
X-suture of kangaroo tendon passed through each bone. A plaster-of-Paris 
dressing was applied from toes to groin. The animal died at the end of 
thirtv-six days. There were no signs of union between the tibia and the femur. 
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A small osseous bridge extended from the upper surface of the tibia to the femur. 
The measurements of the bones were: 

Konnal Operated Difference 


I’emur.. 5.8 cm. 5.Sem. 0 

Tibia 6.5 cm. 6.1cm. 0.1cm. 


Thus, there had been no disturbance in growth up to this time, as any difference 
in length could be accounted for by the amount removed at the operation. 



Fig. 1 (Experiment 2). — A, relative size of bones at time of operation; B, 
normal bones (comparison should be made of A and B to get normal amount of 
growth), and C, operated bones showing resected knee joint (comparison should 
be made with B to get idea of growtli disturbance; total loss of growth 
was 1.2 cm.). 

Experimext 2. — ^The same method was used for Rabbit 02, aged 2]/^ months, 
as in Experiment 1. The two approximated bones were held in position by a 
kangaroo tendon suture, passed tlirough the tibia and femur. The experiment 
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was terminated at the end of 162 days. There was firm union at the site of 
resection. When the region of the resection was cut through, one saw an osseous 
bridge connecting the two bones, although it did not e.xtend along the entire 
denuded surfaces. Figure 1 shows the condition that existed at the end of tlie 
experiment. The measurements of the bones were: 

Normal Operated Difference 


Femur 9.9 cm. 9.2 cm. 0.7 cm. 

Tibia 10.1cm. 9.0 cm. 1.1cm. 



Fig. 2 (Experiment 3). — A, operated bones showing the rc-sected joint in 
recurvation (total loss of growth was 0.4 cm.), and B, normal leg for comparison. 

There was a total loss of 1.8 cm. on the side of the resected joint, about 
0.6 cm. of which could be accounted for by removal of bone at the time of the 
operation. 

Microscopically, the sections through the site of the resection did not show a 
definite continuity of bone at any one place, although it is possible that a serial 
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reconstruction would have established that fact. There was a large amount of 
new bone formed on both the denuded bones. 

Experiment 3. — The same operation was performed on Rabbit 07 as in 
Experiment 2. 



Fig. 3. — A, normal bones, and B, operated limb with resected joint; loss of 
growth was 2.7 cm. Greater loss in growth was possibly due to sutures injuring 
the epiphyseal cartilage plate. 

.■\t the end of 222 days, there was a slight amount of motion in the resected 
joints. Figure 2 shows a considerable amount of new bone and it is difficult to 
dctcrmjjie whether union had taken place. The measurements of the bone were : 

Normal Oper-ited Difference 


Femwr 8.5 T.!> 0.(i 

Tibia 0.4 0.0 0.4 


.Mlowing for the bone that was removed at operation, there was little loss in 
growth due to the operation. 
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Microscopically, there was a large amount of new bone about the rcscctcfl 
surfaces, although there was not a complete bony bridge connecting the two bones. 

Experiment 4. — ^The operative procedure described in Experiment 1 was 
used on Rabbit 03, aged 2j4 months, except tliat the kangaroo suture extended 
through the metaphysis of the tibia. 

At the end of 261 days, a slight amount of po.sterior lu.xation of the 
tibia on the femur took place. The resected joint was stable to lateral stress 
but there was some anteroposterior plaj'. A bony bridge connected the tibia and 
the femur at one place. Figure 2 shows the relative size of the operated and the 
normal bone. There appeared to be an osseous bridge connecting the two bones. 
There had been a retardation in growth of the two bones; of tlie tibia more than 
the femur. The measurements were: 

Normal Oper.Tted IMlTercnci! 


3?cmur 0.3 7.3 2.0 

Tibia 10.2 8.7 1..'. 


If we allow 0.8 for the width of the bone and cartilage removed at operation, 
there still remained 2.7 cm. shortening. The total normal growth during the 
period was 8 cm., so there had been a retardation of about one fourth of the 
actual growth during the experimental period. The large amount of growth 
loss following this resection might have been due to the fact that the restraining 
suture passed through the metaphysis causing further disturbance to the actively 
growing cartilage cells of the epiphyseal cartilage plate. In none of the other 
experiments was there a loss in growth of more than 1.2 cm., which is relatively 
slight when it is considered that the average growth during this period was 
about 7 cm. 

CONCLUSIONS 

1. A careful resection of the knee joint, in which the entire articu- 
lar cartilage and a thin layer of adjoining bone is removed, will cau.se 
practically no disturbance in length growth, 

2. It is important not to injure the epiphyseal cartilage plate and to 
refrain from passing fixation sutures through the actively growing 
columns of cartilage cells. 

3. It is advisable not to strip up the soft parts too near to the epi- 
physeal cartilage plate because of the chances of injuring its blood 
supply and thereby causing some growth ce.ssation. 

4. All measurements in these experiments were controlled by mea- 
suring the roentgenograms taken at a uniform target film distance. 
This is considered as being the most accurate means of measuring the 
length of bones on the living subject. 



PRIMARY CONGENITAL MEGALO-URETERS * 


J. S. EISENSTAEDT, M.D, 

CHICAGO 

Primary congenital megalo-ureter is the occurrence of enormous 
bilateral caliber of the ureter in cases in which there is no demonstrable 
obstruction to the urinary outflow as determined at necropsy or by 
complete examination during life. The condition has been observed in 
the fetus, in the new-born and in early life. 

Similar cases to those reported here appear in the literature under the 
title of congenital dilatation of the ureters. The term dilatation is ill 
chosen because the so-called dilated ureters of the type to be described 
here probably never were of nonnal caliber and may represent the per- 
sistence of a stage in early fetal development. The expression dilatation 
of the ureters should be reserved for those cases in which there is definite 
pathologic condition or anomaly that accounts for the widening of the 
ureteral lumen. These cases may be congenital or acquired. In fact, the 
condition may exist in early intra-uterine life, but the cause, usually an 
obstruction, is determinable b}' thorough examination. 

Several of the cases reported have been in association with and 
secondary to obstruction in the urethra or at the vesicle end of the ureter. 
Several instances were due to hypertrophy of the verumontanum. Many 
cases of acquired dilatation of the ureter are, of course, secondary to 
calculus, tuberculosis and chronic pyelocystitis. This article, however, 
does not concern cases having a definite or demonstrable etiologic factor. 

Attention may first be called to the disturbance when complicating 
pathologic conditions produce subjective symptoms. No etiologic factor 
is determinable and the lesion may occur with other congenital defects. 
Complete reflux of fluid from the bladder to the renal pelves is present 
in full column. 

CASES IN THE LITERATURE 

At the seventeenth congress of the French Urological Society, Papin 
and Legueu ^ reported four cases of enormous dilatation of both ureters. 
The ureters were widely dilated from end to end and had large gaping 
orifices. There was no demonstrable obstruction to the urinary outflow. 
All four cases showed : 

1. Great dilatation of both ureteric orifices, which were gaping and 
showed no movement of opening and closing. 

2. Complete communication between the bladder and the renal pelves. 

* From the urologic service of the Michael Reese Hospital. 

1. Papin: Qiapter on Anomalies, Encyclopedic Frangaise d’urologie, 1914. 
Papin and Legueu : Arch. urol. de la Clin, de Necker 1 , No. 4. 
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3. Complete filling of the urinan- tree when the bladder is filled with 
collargol, as demonstrated by roentgenogram. 

■ At the last meeting of the French Urological Association before the 
war, Halle reported a necropsy on a girl, aged 5 years, with marked 
dilatation of both ureters and with no demonstrable obstruction any- 
where in the urinarj' tract. 

Couvelaire- reported a case of dystocia in a female fetus with a 
normal urethra but in which there was enormous dilatation of both 
ureters. John Thompson, in discussion of this case, suggested a dis- 
turbed nerrous mechanism. 

Saintu ® reported a case of dj-stocia at months. The fetus had 
enormously dilated ureters, which at the narrowest portion measured 
from 6 to 8 mm. in diameter. There was no urethral obstruction. 

Ahlfeld presented a case of a fetus with marked dilatation of the 
ureters and bladder without the presence of ain* obstruction. 

Longridge"* briefly reported two stillbirths, both girls, with no 
urethral obstruction but with enormous dilatation of both ureters. 

At the last congress of the German Urological Association. 
Kielleuthner ® reported five cases of congenital dilatation of the ureters. 
His report thus far has appeared only in abstract and his conclusions 
as to the mechanism in these cases are not stated. 

Hyman ® reported the case of a 7 year old boy with moderate hyjier- 
trophy of the bladder and enormous dilatation of both ureters. The 
etiolog}* of the condition was not determined. The ureteric orifices were 
patulous and demonstrated complete reflux to both pelves. 

Delmas, in his work on anomalies of the ureter, simply states that 
congenital dilatation of the ureters has been seen. 

Corsy," Ballant 3 me,® Bdstroen.® ^lorris, Hyman ® and others have 
reported cases of congenital dilatation of the ureter in the fetus and in 
early life associated with obstructive anomalies of the lower urinar\' 
tract. It is noteworthy that the available literature on the subject is 
scant and practically presents no discussion of the pathrjgenesis or 
mechanism of this rare pathologic entitj*. 

EMBRYOLOGIC COXSIDER.\TIONS 

The ureteral bud appears on the dorsal side of the wrdffian duct in 
the beginning as a rather wide bod\'. It narrows down to a uniform 

2. Couvelaire: Bull. Soc. anat. de Paris 2:287. IW). 

3. Saintu: J. de med. de Paris 8:332, 1896. 

4. Longridge: Tr. Obst. Soc., London, 49:215. 1907. 

5. Kielleutliner : Discussion and demonstration in Ztsclir. unil. L;;:r. 
16:236. 1924. 

6. Hvman. A.: Internat. J. Surg. 35:126, 1922. 

7. Corsy, F.: J. d'Urol.. 1921, p. 185. 

8. Ballantyne: .Antenatal Patbolog>-, 1902. 

9. Bostroen: Beit zur patholopischcn Anatomic-der Xeiren. Freiburg. IS'-. 
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caliber by the end of the second month, at which time it is without 
musculature. Muscle fibers appear next to the bladder at the beginning 
of the third month and gradually extend upward until they are present 
at the level of the renal pelvis, about the middle of the fourth month. 



Fig. 1 (case 2). — ^Urinary tract filled with sodium iodide solution;- enormous 
size of bladder and both ureters, with complete reflux to both renal pelves, should 
be noted. 


Gerard,^® working under Papin’s direction, found that the ureter in 
fetuses up to the fourth or fifth month is of enormous caliber as com- 
pared with the kidney and the rest of the body. He states that it can 
readily be supixjsed that the organ instead of diminishing in caliber from 

10. Gerard: These de Paris. 

4- 6 't o 
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this period, as is normal, can continue to develop concurrently with the 
rest of the body and remain, even in adult life, as voluminous in caliber 
as it is in early fetal life. 

Lorain,^^ in his thesis on dilatation of the ureter, states that this type 
of ureteral dilatation may represent the norm in “the first stage of 
embryonal life (Au premier stade de la vie embryonnaire),” and tb.at 
it is not surprising that a certain number of dilatations of the ureter 
should be of congenital origin, because the urinary system affords not 
uncommonly many abnormalities, from a mild hypospadias to those that 
are incompatible with life itself. 

I have found a wide caliber of the ureter in the earliest weeks of 
fetal life but no uniformity of this characteristic after the tenth or 
eleventh week. Some of the ureters examined at this stage have been 
wider than others. This observation has also been noted by Kampmeier 
in the pelves and calices in a few early fetal kidneys which he examined 
while doing his excellent work on “Origin of Congenital Renal Cysts." 
The subject considered here was not of interest to him at the time of bi.*; 
research and he does not have any statistical data as to the frequency of 
the wide pelvis and major calices. 

REPORT OF CASES 

History . — ^The two cases of primary congenital mcgalo-urctcrs which I have 
observed both occurred in little girls. Patient 1 was 5 years old when first 
observed; patient 2 was 7l4. Both entered the service of Dr. I. A. Abt at the 
Sarah Morris Hospital for Children. Because of the practically identical nature 
of the histories, symptoms and conditions observed, I shall report the cases 
together. 

Both girls entered the hospital with the history of dysuria and increased 
frequenej"^ of urination since earliest childhood. The urines of both were turbid 
and contained manj' leukocytes and bacteria. Colon bacilli and staphylococci 
were present in the urines, the former predominating. The general condition of 
the younger child, patient 1, was obviously poorer tlian that of the elder. Tlic 
temperature variations were greater in the younger child. At the time of the 
first examination both were able to make daib' use of the playroom. 

The younger child died and we have a complete rcirort of the necropsy find- 
ings of the intra-abdominal viscera. The elder child is alive and to date in 
excellent condition except for the pathologic condition of the urinary tract. 

The general physical examination was negative except that the younger child 
had a prominent abdomen. This had been noted intermittently since her third > ear. 

Cystoscopic E.\‘aimmtion. — Cystoscopic examinations also were practicall> 
identical. There was no obstruction or pain on the passage of the c\ sto-cope. 
There was no obstruction in the urethra as determined by olive tipped h nicie- 
The bladder contents were moderately, turbid, the bladder tolerance go. id or 
increased. Both children required repeated washings of the hla<Idcr to olit.iin a 
medium clear enough for accurate observation. 


11. Lorain, A.: These de Paris 30, 1921. 

12. Kampmeier: Personal communication to the author. 
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A slight to moderate grade of cystitis with indistinct vascular markings, espe- 
cially in and about the trigonum, was found in each case. Practically the entire 
mucosae were involved to lesser degree. A moderate degree of trabeculization 
was noted, of mixed t 3 'pe rather than of the distinctly coarse variety. At the 
usual location of the ureteric orifices huge openings were seen symmetrically 
placed; in the first instance these were thought to be the openings of diverticula. 
Thej’ proved, however, to be the verj' wide gaping, rigid ureteric orifices. They 
averaged from at least 1.5 to 1.6 cm. in diameter and did not contract or show 
the slightest movement on repeated examination. The internal urethral orifices 
were negative. 

Cystograms taken to demonstrate the size and location of the suspected 
diverticula revealed some enlargement of the bladder and a complete filling of 
the urinary tree to the pelvis of both kidneys. There was no demarcation 
between bladder content and ureteric content and the ureters were seen to be' 



Fig. 2 (case 1). — ^Enormous bladder. 


mail}’ times their normal diameter and apparentlj" much too long for the torsos 
of the children. The hips of the children were not elevated when roentgenograms 
were made. 

Postmortem Examination . — The postmortem examination” of patient 1 by 
Dr. David B. Witt j’ielded the following anatomic diagnosis: bilateral dila- 
tation of the ureters ; bilateral pj'onephrosis ; hypertroph 3 ' of the bladder ; chronic 
interstitial nephritis and acute splenitis. 

The kidneys, ureters and bladder were removed together. The right kidney 
measured 7.8 by 4.5 by 2.7 cm.; the left 8 .b 3 ’^ 4.5 b 3 ’^ 2.2 cm. The capsule of each 
was adherent and removed with diflicult 3 '. The ureters were greatb' dilated, the 
right more than the left. The latter was 0.9 cm. in diameter at its midportion and 

13. In this report the word dilatation is the pathologist’s, and while it is in 
common use referring to this condition, is a misused term in this connection. 
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1.2 cm. in diameter in its lower third. The right ureter was 1.5 cm. in its upper 
third, 1.9 cm. in its middle third, and 0.9 cm. in its lower third. On section oi 
the kidneys and ureters, the pelves and caliccs were found to be greatly dilated 
and filled with cloudy, purulent fluid. The medulla of each kidney had largely 
disappeared through the dilatation, the calices being covered by a layer of kidney 
tissue averaging 1 cm. in thickness. The ureters also were filled with purulent 



fluid. Their inner surface was pale and smooth. .Xi the urcteropelvic jtinct! 
of each kidncj’ were 5e\’eral horizontal folds, but these did not eiicrfiach >•:: t' 
lumen sufficiently to offer hindrance to the flow of urine. Tw.j centimeter' 
this region the wall of the right ureter contained a hard, almo-t cartilr.e:;: 
area which was pt:)orly defined. .\l their lower ends tlie ureter.' <.pe:;vd it;: - t: 
bladder by wide mouths which offered no obstnjction. Tite bladder c-r 
tracted and contained a small amount of cloudy fluid. It mea'ured 7 b\ 5 by ■; cm.; 




70 


ARCHIVES OF SURGERY 


the wall was from 0.5 to 1 cm. thick. The inner surface was trabeculated and had 
a number of small hyperemic areas. The urethra was patent and offered no 
obstruction to the passage of a large probe. From the gross examination the 
dilatation of the ureters, the pelves and the calices appeared to be secondary to 
the condition that had led to the hypertrophy and trabeculation of the bladder. 
However, no mechanical obstruction to the outflow from the bladder could be 
seen. 

Microscopicallj", the pelvic epithelium was found to be absent in areas of 
considerable extent. The surface of such areas was covered by a mass of leuko- 
C 3 ’’tes. A rather broad zone of medullary tissue next to the surface was cellular; 
it contained lymphocytes, leukocytes and fibroblasts, the tubules being widely 
separated in this tissue. The medulla was diffusely fibrous; scattered throughout 
the fibrous tissue were moderate numbers of lymphocytes, plasma cells and eosino- 
phils. The medulla contained only a few tubules of normal size; these were 
filled with pus cells. Minute, almost completely atrophied tubules were numerous. 
In the cortex there had also been widespread replacement and atrophy of the 
tubules by cellular stroma that was infiltrated by round cells. Tubules of nearly 
normal size were few in number and occurred in widely separated groups; their 
epithelium was low and their lumens were filled with leukocytes. A few glom- 
eruli had been atrophied, but on the whole the slight involvement of the glomeruli, 
as compared with the tubules, was striking. The tufts appeared normal in such 
glomeruli ; the capsule was slightly thickened by the surrounding interstitial fibro- 
sis. In one area some of the glomeruli were granular and necrotic and the 
tubules distended by granular material. Scattered about in the proliferated inter- 
stitial tissue were islands of dense lymphoid infiltration. The striking feature of 
the kidney was the disappearance of secreting tubular parenchyma within the 
cortex. 

The wall of the left ureter was moderately thickened and in general densely 
fibrous. Surface epithelium was absent. A thin inner zone was cellular, being 
densely infiltrated by lymphocytes, intermingled with which were a few fibro- 
blasts. Narrow bands and larger islands of lymphoid infiltration separated some 
of the bands of the deeper tissue. Several islands of dense lymphoid infiltration 
were present in the periureteral fat. In the right ureter the increase in thickness 
of the wall was due to the formation of a thick laj'er of dense fibrous tissue outside 
the outer muscle coat. Muscle tissue was not increased, but rather partly atro- 
phied; its bundles were separated by bands of round cell infiltration. 

The lining epitlielium of the bladder was absent except in a few cryptlike 
folds that dip down for a slight distance into the tissue. A thin superficial zone 
was richlj' infiltrated by lymphocj'tes and plasma cells and contained a few 
leukocytes and eosinophils. The wall contained smooth muscle, the muscle 
increase involving both the inner and the outer coats. Just beneath the cellular 
inner zone were numerous small calcium masses. 

As revealed in the accompanjung illustrations the bladders were rather large and 
well filled: the ureters were enormously and about equally dilated. The ureters 
were apparent!}' too long for the torso and sausage-like segments were apparent. 
Furthermore, at no place in the entire ureter did its diameter even approach the 
normal caliber. The renal pelves and calices were also seen to be markedly 
dilated. There was absolutely no evidence of any organic obstruction on exam- 
ination nor was any found in the child examined postmortem. Whether or not an 
obstruction existed in fetal life not determinable at the time of examination 
or necropsy is another question. Torsions or folds in the ureter are noted, how- 
ever, in about 20 per cent of new-born children. 
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The chief characteristics of the cystogram of primary congenital 
megalo-ureter which differentiate it from the acquired type and the 
congenital ri'pe due to obstructive processes are : 

1, The bladder is enlarged and shows increased capacit}'. 



Fig. 4 (Lorain’s case). — Drawing made from roentgenogram. 


2. There is no evidence of obstruction in any j^art of the tract due 
to any mechanical condition, such as stone, valve or ^tricture rtf tlie 
ureter or urethra, 

3. The filling of the ureteral tree.' is bilateral. c(jmjj!ete and >ym- 
metrical and practically equal on both sides, and refiux i' comj^jcte 
without any pressure other than that of the filled bladder. 

4. There is no demonstrable demarcalir>n between the niJmir f:t;:d in 
the bladder and that in the ureters. 
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I have seen a number of dilatations of the ureter resulting from 
such well understood etiologic conditions as stone, tuberculosis, prolonged 
pyelocystitis and various lesions of the spinal cord ; no case studied, how- 
ever, has presented all the characteristics that have been enumerated. 

THEORETICAL CONSIDERATIONS 

In the absence of any determinable obstructive cause the mechanism 
of congenital megalo-ureters may involve : 

1. Deficient development in the musculature of the ureter. The 
musculature of the ureter does not begin to develop until the beginning 
of the third month and does not reach the renal pelvis until the middle 



Fig. 5 (Legueu and Papin’s case). — Appearance of ureteric orifices. 


of the fourth month. The possibility of an imperfect development of 
the muscle fibers, a true hypoplasia, must be seriously considered. This 
likelihood plus the persistence of the wide caliber of the ureters, as in 
early fetal life, might explain the mechanism of the condition. 

2. An inhibitory influence on the growth of the ureter, as Girard 
suggests, should manifest itself during the fifth and the sixth intra- 
uterine month. This may not exert its influence and the ureter continue 
to grow in length and caliber at a time when it should cease to do so. 
Were this the cause, however, one would expect the tissues of .the 
enlarged ureters to be normal as observed microscopically. 

3. The ureter, like the renal pelvis and the major calices, as noted 
by Kampmeier, may be very wide in certain fetuses. This is merely 
another way of saying that no cause can be found in certain cases. 
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4. In early intra-uterine life some obstruction may exist, probably 
at the bladder outlet, which is later not demonstrable. 

5. A disturbed or deficient nen.'ous mechanism, as Thompson sug- 
gested in discussing Couvelaire’s case, may be at fault. This point of 
view cannot be disregarded, because the resemblance of the ureteric 



Fig. 6 (Gaudino's” case). — Drawing made irnm roeiitpenocram. 


orifices to those seen in patients suffering from certain cord lesions was 
striking and the reflux of fluids from the bladder to the renal j)elve' wri- 
similar. The trabeculation noted in the bladders of both children like- 
wise simulated, though not perfectly, the type seen in some jcitier.t- 


14. Gaiidino: Scmana med. 2:.i29-336 (Aug. 17) 1922. 
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suffering from cord lesions. And this I interpret as a labor hypertrophy 
due to the shortening of the intervals of bladder contraction. I have 
never seen any patient with spinal cord disease show such bilaterally wide 
orifices and such excessive caliber of the ureters. The spinal cord of 
the child who died, unfortunately, we were not permitted to remove for 
examination, but during life she showed no evidence whatsoever of a 
cord lesion. Patient 2, still living, likewise does not show any symptoms 
referable to the nervous system. 

The necropsy findings of inflammatory round cell infiltration and 
atrophy of the muscle fibers might suggest that the large caliber of the 
ureters and the huge rigid orifices were secondary to a long continued 
inflammatory process, but the presence of identical findings in the fetus 
and in still-born children would lead one to believe that the wide caliber 
of the ureters and their huge orifices were primary conditions and not 
due to an inflammatory process. 

SUMMARY 

1. Congenital bilateral megalo-ureter may occur without demonstrable 
cause and, hence, is called primary. 

2. The cysto-ureterograms and cystoscopic findings are characteristic, 
as observed in the two cases reported here. 

3. The mechanism underlying the development of this condition may 
be explained by embrologic considerations, probably a deficiency in the. 
development of the musculature of the ureters. 



SARCOMA OF THE STOMACH* 


CHARLES E. FARR, il.D. 

KEW YORK 

Sarcoma as opposed to carcinoma ranks low in the tumors of tlie 
gastric wall. Various percentages are given in the different clinics: 
it remains well under 5 per cent of the malignant conditions. Just why 
this is so is hard to understand unless we take into consideration the 
great amount of epithelial surface exposed to constant chemical and 
mechanical assault. The connective tissue elements are much less in 
relative amount and are little exposed to injury of any sort. In this 
respect the relative frequency of sarcoma and carcinoma of the stomach is 
comparable to the corresponding tumors of the uterus. 

As to the etiolog)' of sarcoma, here as elsewhere nothing is known ; 
the point of origin is usually the musculature but may be any of the 
connective tissue elements of the organ. The diagnosis is rarely made. 
At most a tentative diagnosis of malignant tumor can be entertained. 
The outstanding feature of a large number of cases is the symptomless 
development up to a certain stage, followed by rather pronounced .symp- 
toms suggestive of ulcer, even of perforation. 

The treatment of sarcoma of the stomach is as yet purely surgical, 
consisting of wide resection, pylorectomy, and, rarely, a palliative gastro- 
enterostomy. 

The literature of this rather rare affection has been thoroughly 
worked up by the Mayos and more especially by Dr. John Douglas. 

The following two cases seem worthy of report because the disease 
is still a rare one and because two widely different types of sarcoma arc 
present — one closely resembling the typical calloused ulcer, or early 
carcinoma, the other being more like a mild acute ])ancreatiti.s — and 
because both patients recovered from operation. Curiously enough, the 
patient with the more malignant type is still well and without .symjnoms 
nearly three years after operation, while the other, with an aj)parcntly 
milder type, suffered a recurrence and died within two years. 


REPORT OF CASES 

Case 1. — A man, ased 34, born in the United States, entered the New Yorh 
Hospital, April 26, 1920, in the service of Dr. Charles L. Gibson. He weij-died 
120J^ pounds (55.6 Kg.). He was discharged. May 11. weighing 112 potiiu!' 
(50.8 Kg.). His complaint on entering was pain in the epigastrium. The jirv'etu 
condition was that for five or six months he had had pain in tlic epiga^trill!n 
half to one hour after meals, with gas and sour eructations, gnawing and hurnii;-* : 
these were relieved by soda or vomiting and made worse by food. Tlie pain w:.- 


* From the first surgical (Cornell) divi.^ion of the New Vnrl: Hn.pit.al. 
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rather high and along both costal margins. There was a tender spot just to the 
right of the midline halfway from the ensiform to the umbilicus. The symptoms 
were relieved by a meat free light diet, and entirely relieved by a milk diet and 
soda; they returned at once on resumption of solid food. 

Before the onset of symptoms there had been marked constipation for two 
months, but the bowels had been regular of late. There was a severe vomiting 
spell two weeks before the patient entered the hospital, followed by a black stool 
for two days. There was no blood in the vomitus. He had lost 20 pounds (9 Kg.). 

The past history was negative as to previous similar attacks. He had had 
no operations. There was no polj'uria, no dysuria, no serious illness of any sort. 
The family history was negative. 

The physical examination showed a fairly well developed and well nourished 
3 'oung adult who did not appear acutely ill. There were no abnormal findings in 
the head, neck or chest. The abdomen was flat, almost scaphoid, and symmetrical. 
There was slight tenderness in the umbilical and epigastric regions. No mass 
could be felt; the extremities were negative. The liver, spleen and kidneys were 
not felt. 

A provisional diagnosis of gastric ulcer was made. The temperature, pulse 
and respiration were normal. Gastric analysis of 30 cc. of greenish brown fluid 
showed a moderate amount of mucus, free hydrochloric acid 68, total 90. The 
guaiac reaction was positive. Microscopically, there were some red blood cells, 
mucus and food remnants. A fractional Ewald test was performed, running 20-70 
free, 35-90 total at one hour and fifteen minutes. It is interesting that the post- 
operative fractional Ewald test ran 0-5 for free acid, and 5-21 for total acidify. 

A pylorectomy for sarcoma was performed by Dr. Gibson, April 28, under 
ether; it took one hour and forty-five minutes. The condition was fair; the 
pulse ran from 80 to 130 at the end of the operation. A high right rectus incision 
was made; an indurated, irregular mass the size of the palm of the hand was 
found on the posterior surface of the stomach adjacent to but not impinging on 
the pylorus. An obviously enlarged Ijnnph node was found just above and 
another just below. No other metastases were seen or felt. The stomach was 
not adherent. 

Resection of the distal one third of the stomach and closure of both stumps 
with a Payr clamp and cautery, reinforced by two rows of sutures was the 
procedure used. Posteriorly, a no loop gastro-enterostomy was performed, using 
tongue depressor clamps and five rows of suture, three posterior, the first and 
last silk, the others chromic catgut. 

Microscopic examination showed sarcoma of the stomach, which was ulcerated. 
The specimen consisted 'of a resected portion of the stomach, the seat of an 
ulcer 5 cm. in diameter; the edges were overhanging. The ulcer was shallow 
and had a thick base, measuring 1 cm. The base consisted of a layer of homo- 
geneous soft white tissue, 1 cm. thick. Outside this was a layer of denser 
connective tissue. Microscopically, the base of the ulcer consisted of a new 
growth composed of large polj'hedral and round cells resembling a sarcoma. It 
did not infiltrate the muscle coats. The surface was ulcerated. A small Ij’mph 
node showed no involvement. A later report stated that there was a dense col- 
lection of darkh" nucleated cells and medium size round cells between the mucosa 
and the muscular coats of the stomach. This collection was not sharply circum- 
scribed but tended to invade the muscularis mucosae and the muscularis. There 
were some mitotic figures present and the cells were neoplastic. The mucosa of 
the stomach was normal. The appearance was that of a Ij'mpliosarcoma. This 
diagnosis was confirmed bj' Dr. James Ewing. 



FARR—SARCOMA OF STOMACH 


11 


The postoperative course was uneventful. The usual postoperative trcalinent 
of ice cap and rectal drip was instituted, and nothing was given by mouth for 
twenty-four hours. There was some vomiting up to May 1 ; this was relieved by 
lavage. The wound healed by primar}' union. 

The follow-up notes were as follows: November 3, tlie patient Iiad some 
gas after food; he had gained 24 pounds (10.9 Kg.). Jan. 9, 1922, he felt ab'^o- 
lutely all right; his weight was 133 pounds (60.3 Kg.). Jan. 2, 1923. he felt 
absolutely all right; his weight was 141 pounds (64 Kg.); lie ate cvcrytliing in 
limited quantity. 



Fig. 1 (Case 1). — Sarcoma of .stomach. 


Cask 2. — A mtin, aged 28, Jcwi.sh, entered the hospital July 5, 1921, and v.ri'^ 
discharged August 15. He complained on admission f>{ pain in the epieastritnn 
and difficulty of breathing of twenty-four hours’ duration. July 4, in the morn- 
ing lie was taken witli a sudden onset of pain in the epigastrium to the left of lb- 
midline under the costal margin. He also noticed that it was hard for hiin *.■> 
get his breath. He couldn't get the air in. The pain was not sharp ami ili-l i: 
radiate. There was no pain in the back, no indige-tion ami no jaiimlice. The 
Iwwcls were constipated. He insisted that up to July 4 he had been in j« rf*et 
health in every way. His past history was negative. He had n-ver bm 
before, and had no digestive disturbances but sufTered from liabitual 
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The family history was irrelevant. He had never had venereal disease nor any 
nervous symptoms. 

Phj'sical examination showed a well developed, well nourished man ly ing 
quietly in bed. The head, neck and thorax were negative. The abdomen showed 
moderate tenderness and rigidity in the upper portion, mainly to the left. The 
spleen, liver and kidnej’^s were not felt. The extremities and the lymphatics were 
normal. The urine showed a faint trace of albumin and a few leukocytes. The 
temperature was 103, pulse 102, respirations 24. 



Fig. 2. — Perforating sarcoma of stomach in which resection was done. 


The tentative diagnosis by the medical staff was perforating gastric ulcer, 
by the surgical staff, acute pancreatitis. 

July 6. I operated, making a right rectus incision with an additional transverse 
cut. There was a perforating sarcoma of the stomach 10 cm. in diameter about 
two thirds of the way to the cardia on the anterior surface near the lesser 
curvature. It was pedunculated, round, bluish and apparently vascular. It was 
covered with omentum and there was a slight deposit of fibria When the 
omentum was lifted the mass tore partlj- loose, leaving a 2 cm. perforation in the 
stomach wall. There was no bleeding of any moment. The condition u’as 
Hf'l'TnnrI innnprnlnlp frnm flip cfanrlnnint nf piirp nnH a wide excision was 
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done, about two thirds of the anterior wall of the stomach being removed. A 
plastic suture was then carried out to prevent hour-glass formation, using two 
layers of chromic catgut. A cigaret drain was placed; closure was in layers 
with silkwormgut. A hasty examination of the liver and spleen, omentum and 
nodes showed no apparent metastases. 

The time was forty-five minutes. The postoperative pulse was 92; the gen- 
eral condition was satisfactory. Recovery was uneventful c.xcept for the free 
sloughing of a portion of the abdominal wall. He went home on the thirty-ninth 
day in fair condition, with a fair appetite. 



Fig. 3 (Case 2). — Perforating sarcoma of stomach in which resection was done. 


The pathologist’s report was that the tumor had a grayish white medullary 
appearance. Frozen sections showed a very cellular, actively growing tuinnr 
having the structure of a sarcoma. 

Paraffin sections from various parts confirmed the previous diatrn>i?i':. T}:>- 
portion of the growth attached to the stomach had completely replaced the \\all 
of the organ up to but not involving the mucosa or the mu«culariv muc“sae. The 
margin of the tumor at this point was fairly sharply defined. The muco-a o-ver- 
ing it showed the lesions of a chronic gastritis. 

The tumor proper varied in appearance in different secitons. In place- it wr.- 
very cellular, composed of spindle cells with large nuclei contaimne ^'.•veraI 
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nucleoli, and resembling large nonstriated muscle fibers, though die cell bodies 
lacked the acidophilic properties of the latter. The cells showed numerous mitotic 
figures. In other regions the spindle cells were less numerous and were separated 
b}-^ areas of edematous tissue or large areas composed of a homogeneous material 
staining faintly with hematoxylin. 

The follow-up reports \vere: October 8, the patient had gained 16 pounds 
(7.3 Kg.)* He ate well, slept well, and had slight pain. November 19, the scar 
was firm; no tumor was felt, and the general condition w'as good. April 8, 1922, 
the patient, who had weighed 180 pounds (81.6 Kg.) at his best, now weighed 
160 ( 72.6 Kg.). He ate ever 3 'thing and was working; no masses were felt. 
The wound bulged a little but there was no hernia. In June, 1922, there was a 
massive recurrence, which was hopeless. He was referred to the roentgen-ray 
department, Sept. 8, 1922, and given treatment at the Memorial Hospital. He 
died in Januarj', 1923. 

Deep roentgen-raj' therapy was instituted on this man after the operation. 
He had a rather disagreeable reaction and refused to continue it. 

CONCLUSIONS 

Of the two cases of sarcoma of the stomach presented here, one, of 
the round cell type near the pylorus, closely resembled in its clinical 
aspects a calloused ulcer; the other, of the spindle cell type growing 
apparently from the musculature of the anterior wall of the stomach 
near the cardia, gave no clinical sjnnptoms whatever until the day before 
operation. The patient with tlie round cell sarcoma who had a pylorec- 
toiity performed has made an apparently complete recovery and should 
be cured. The patient with the spindle cell tumor, whose operation was 
necessarily incomplete, relapsed after a 3’^ear and died in less than two. 
On the whole the outlook in sarcoma of the stomach is fully as good 
as it is for carcinoma. If the diagnosis could be made earlier, the results, 
as in carcinoma, would probabty be quite reasonabh’^ good. 
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AN EXPERIMENTAL STUDY IN THE EFFECTS ON THE CIRCULATION 
AND RESPIRATION OF MORPHINIZED DOGS * 

ALFRED BLALOCK, U.D. 

TINSLEY RANDOLPH HARRISON, M.D. 

NASHnLLE, TENX. 

AND 

CHARLES P. WILSON, M.D. 

BOSTON 

In the course of some observations on the blood gases in asthma.^ 
certain findings indicated significant changes in the circulatory mechan- 
ism, Recently there has been an opportunity to make similar studies on 
two patients with acute laryngeal edema and interesting changes were 
found in the blood gases and blood reaction. Though the clinical studies 
have been temporarily abandoned because of a lack of material, the 
findings in asthma and acute laryngeal edema led to a series of controlled 
observations on experimental respiratory^ obstruction in dogs. 

The problem was to study the effects of partiaftracheal obstniction 
on the blood gases, blood reaction and volume flow. The object of the 
present article is to report the results of these experiments. 

METHOD 

Since asthma is difficult to produce in dogs and the experimental 
production of larymgeal edema is unsatisfactory, the following technic 
was employed to produce tracheal obstruction : 

Dogs of from 6 to 14 kg. were used. The animals were given 0.06 
gm. of morphin subcutaneously. Forty minutes to one hour later, 
tracheotomy was performed, local anesthesia being used when necessary. 
The carotid artery and the femoral vessels were e.xposed. A large luetal 
cannula was inserted into the trachea and firmly tied so as to make an 
air tight connection. From the tracheal cannula a short rubber tube led 
to the mouthpiece of a Benedict spirometer filled with oxygen. The 
oxygen consumption was measured by the graphic method as described 
by Roth,- the Collins chronokymograph being used to record time on tlie 

*From the departments of surgery, medicine and pathologj* of tlie Johns 
Hopkins University Medical Department. 

1. Harrison, T. R., and Boyd, D.: Observations on the Blood Gases in 
Asthma, unpublished. 

2. Roth, P.: Modifications of -Apparatus and Improved Technique .Adapt- 
able to the Benedict Tj-pe of Respiration .Apparatus, Boston M. & S. J. ISC: 
457 (.April 6) 1923. 
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cun^e. By this method it was possible to obtain a constant oxygen con- 
sumption (Fig. 1) and at the same time a graphic record of the 
respiration. 

After the animal had breathed quietly for about fifteen minutes, in 
order to insure a constant rate of oxygen consumption, blood samples 
were taken. Simultaneous samples of blood were withdrawn under oil 
from the right ventricle and the right femoral artery. At the same time 
a third observer drew blood from the left carotid artery into a tuberculin 
syringe for hydrogen ion determination. When the first observer experi- 
enced difficulty in puncturing the right ventricle, as was occasionally the 
case, the other two observers waited until venous blood appeared in the 
syringe before withdrawing arterial blood. In this way the three sam- 
ples were obtained simultaneously. The pulse was counted before and 
after the punctures. 



Fig. 1. — Normal respirations with even oxygen consumption. The curve 
passes from right to left. The rise in the curve indicates oxygen consumption. 
The tracing shows that the rate of rise is constant. The evenness of the 
respirations is noteworthy. 

A small metal screw clamp was then placed over the rubber tube 
leading from the tracheal cannula to the mouthpiece of the Benedict 
apparatus. By turning the screw the tube could be constricted to any 
desired degree. In some experiments the effects of slight degrees of 
constriction were noted; in others the effects of greater constriction 
were observed. The degree of constriction could be measured by the 
degree of slowing of the respiratory rate and the curtailment of the 
respiratory excursion as seen on the kymographic record (Fig. 2). 

Five or ten minutes after the respirations had reached a constant rate 
and depth, a second series of samples \vas drawn. The constriction was 
then released ; and from thirty to sixty minutes later, when the animal 
had returned to normal, a third set of samples was taken. 
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At the end of each experiment tlie animal was killed with ether or 
chloroform and a necropsy was performed. The heart chambers were 
examined in order to make sure that the needle had not passed through 
the septum into the left ventricle, which would have resulted in mixing 
arterial and venous blood. The one experiment in which such a septum 
puncture was found was discarded in toto. The lungs also were exam- 
ined. In one animal (Dog 8) which reacted in an entirely different 
manner from the others, a condition of pneumonic consolidation with 



Fig. 2. — Effects of constriction on respiration and oxj'gcn consumption. The 
curve passes from right to left. The effects of constriction and release on 
the respiratory rate and depth are striking. The oxygen consumption rate 
of rise of the cur\'e is relatively constant. 

pulmonary edema was found. In the other animals the lungs were nor- 
mal except for hypostatic congestion and an occasional subpleural hem- 
orrhage, which were due, we believe, to the asphyxial death. 

The arterial and venous carbon dioxid and o.xygen contents were 
determined by the method of Van Slyke and Stadie ® with the \''an Slyke 
long bore constant pressure apparatus. The hydrogen ion concent ra- 

3. Van Slyke, D. D., and Stadie. W. C: The Determination of the Ga'cs 
of the Blood,*;. Biol. Chem. 49:1 (Nov.) 1921. 
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tions were determined according to Hawkins’ ^ modification of Cullen’s ® 
colorimetric method. A. tuberculin syringe was used to measure the 
blood. Because of the nature of the experiments, these determinations 
had to be done hurriedly and a greater accuracy than pa i 0.03 is not 
assumed. The changes encountered were always greater than these limits 
of error. In interpreting the results more emphasis has been laid on 
changes in pa than on the actual pa values. Since the Sorenson phenol 
red standards which were used are only satisfactory within the corrected 
range, pa 6.90 to pa 7.60, our more acid values are indicated in the tables 
by 6.90 — , and our greatest alkaline values by pa 7.60 +• 

The circulatory minute volume was calculated from the Pick 
C.c. oxygen consumed per minute 

principle: number of 

Amount of oxygen taken up by 1 c.c. of blood 

cubic centimeters of blood flowing through the lungs per minute. The 
respiratory minute ventilation was calculated by multiplying the respira- 
tory rate by the average respiratory depth as shown on the kymographic 
record. 

RESULTS 

The results of constriction were essentially the same in all animals 
except one. It was noted before the experiment that this dog had dis- 
temper and subsequent necropsy showed a bilateral bronchopneumonia. 
The figures obtained during the resting and constriction periods were 
entirely different from those in all other animals, and are not given in 
this article. 

The values in the charts and tables for pulse and respiration rates, 
minute ventilation and ox3'gen consumption do not include those through- 
out each period, but only the figures at the times when blood samples 
were drawn. 

: Before Constriction . — The pulse rate was quite slow in all the ani- 
mals, the average being less than 60 per minute. Cardiac irregularities 
were not observ^ed in any case. The respirations were uniform in char- 
acter in most instances, with the normal pause between inspiration and 
expiration. The respiratory rates ranged from 16 to 64 per minute, 
die high figure occurring in a large dog in which the respiratory center 
was stimulated rather tlian depressed by the morphin. The oxygen 
consumption ^’aried almost directh'^ with the weight of the animal under 

4. Hawkins, J. W. : A Micromethod for the Determination of Hydrogen 
Ion Concentration in Whole Blood. J. Biol. Chem. 57:493 (Sept.) 1923. 

5. Cullen, G. E.: Studies in Acidosis, XIX, The Colorimetric Determina- 
tion of the Hydrogen Ion Concentration of the Blood Plasma, J. Biol. Chem. 
52:501 (June) 1922. 
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observation and proceeded at a regular rate during the control period. The 
differences between arterial and venous oxygen and behveen venous and 
arterial carbon dioxid were within normal limits in all instances. The 
hydrogen ion concentration was less than 7.32 in every case owing to 
the fact that morphin produces a slight acidosis. The minute ventilatioji 
and the volume flow varied almost directly with the weight and as the 
pulse rates were quite uniform, the output per beat varied likewise. 

Moderate Constriction . — When moderate constriction of the trachea 
was made, the following changes occurred in pulse rate, respiratory rate, 
oxygen consumption, blood gases, blood reaction and volume flow : The 
pulse rate increased slightly and the respirations were slowed and more 
labored. The animals used all the accessory muscles of respiration but 
did not open their mouths in gasping for breath, as did those with more 

Table 1. — Effects of Moderate Tracheal Obstruction (Average Figures for 

Five Experiments) * 

Average weight of animals, 9.2 kg. 

Oxygen Arterial Venous Venous Arterial 



Pulse 

Rate 

Res- 

pira- 

tion 

Rate 

Con- 

sumption 

per 

Minute, 

C.c. 

Oxygen, Oxygen, 
per per 

Cent. Cent. 

by by 

Volume Volume 

COs, 

per 

Cent. 

by 

Volume 

COi, 

per 

Cent. 

by 

Volume 

Ptt 

Volume 

Flow, 

Liters 

Outp'it 

per 

Bc.-it, 

C.c, 

Before constric- 
tion 

SC 

22 

65.4 

20.G 

15.5 

47.3 

42.C 

7.27 

1.21 

20.C 

During moderate 
tracbcnl con- 
striction 

75 

15 

GG.9 

21.2 

17.S 

52.2 

50.0 

7.1S 

1.S3 

29.4 

Following release 
of constriction.. 

72 

24 

75.5 

20.9 

15.3 

47.C 

40.5 

7.25 

1.23 

Cf'.s 


• In some of the experiments, nil the functions listed were not detcnnlncd. nio figures In 
the table represent averages for the c.xperlmcnts In which determinations were made. 


severe constriction. They did not struggle in any instance. The oxy- 
gen consumption increased despite the fact that the respirations were 
slow and shallow. This is shown in Figure 2. The rise in o.xygen 
consumption seemed to be in proportion to the increased respiratory 
effort. The arterial oxygen was slightlj' higher with moderate constric- 
tion than during the control period. Anoxemia did not occur with thi.N 
type of obstruction. There was a slight increase in the carbon dioxid 
content of both the arterial and the venous blood. The bloo<J became 
more acid and the volume flow increased. The average figure.'? giving 
the effects of the production of moderate tracheal obstruction in five 
animals are given in Table 1 and the clTects on the respirations and 
oxygen consumption are shown in Figure 2. 

Scirrc Con.Hriction . — With severe constriction the following change? 
took place; The respirations became much more labored : the respirat<-'r>' 
rate was slowed, and the respirations became shallower for the niU'c!<;« 
of expiration did not seem able to empty the lungs completely, 'flie 
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oxygen consumption was increased in all instances. The oxygen 
content of the arterial and venous blood tended to equalize and the carbon 
dioxid content was greatly increased. Whereas the arterial oxygen rose 
slightly with moderate constriction, there was a marked fall with severe 
constriction. The effects of severe constriction on the hydrogen ion 
concentration and blood flow were similar to those produced by moderate 



Fig. 3 (Eperiment 11). — Effects of constriction; C, constriction; R, release. 
The striking changes that take place after partial constriction of the trachea, 
as shown in this chart, are: (1) immediate increase in the blood flow with a 
sj-nchronous decrease in the pa of the blood; (2) a tendency for the curves for 
the oxj'gen content of the arterial and venous blood to approach one another 
at a lower level than normal, and (3) marked slowing of the respiratory rate. 
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obstruction but were of greater degree. The alkalinity of the blood was 
much diminished and the volume flow increased greatly. The results of 
severe constriction in a typical experiment are shown in Figure 3 and 
the average figures for four experiments are given in Table 2. 

Release of Constriction . — When the constriction was released, the 
pulse rate usually increased together with the respirations and slowly 
returned to normal as the respirations became slower. The oxygen con- 
sumption increased suddenly on release of constriction but rapidly 
returned to normal (Fig. 2). The A^alues for the blood gases, blood 
reaction and volume flow approached those obtained during the first con- 
trol period. The complete figures for each individual experiment are 
given in Table 3. 


Table 2. — Effects of Severe Tracheal Obstruction (Average Figures for 

Four Experiments) * 


Avcraec weight of animals, 10.9 kg. 
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Before constric- 
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tion 

SO 

37 

70.0 

22.2 

17.3 

51.1 

40,7 

7.27 

1.05 

‘>.3 

During severe 











traeheal con- 











strictlon 

59 

13 

79.3 

12.2 
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07.2 

GG.5 

0.93 

s.ss 

0?.2 

Following TclcaEC 











of constrletlon.. 

88 

31 

07.8 

22.3 

17.0 

51.5 

4.'>.8 

7.25 

1.31 

15.4 


• In some of the experiments, oil the functions listed were not dotennlned. llie figure* In 
the table represent averaecs tor the experiments to which detcnninatloas wero made. 


Administration of Alkali . — Because of the fact that a decreased alka- 
linity of the blood was always associated with an increased volume flow, 
it was decided to alter the reaction of the blood by injecting alkali in 
order to study further the effect of the hydrogen ion concentration on 
the volume flow. Hence, in one animal in which partial tracheal obstruc- 
tion had been produced, 45 c.c. of normal sodium bicarbonate was 
injected intravenously. The dyspnea was diminished immcdiaicly 
though the respirations were very shallow. The pulse rate did not 
change. The oxygen consumption was much lower but the arterial blood 
was normally saturated. The hydrogen ion concentration and circula- 
tory minute volume returned to the normal level. 'I'lie figures for thi- 
experiment are given in Table 4. The results are pictured in I'igure 4. 
and it is of interest to contrast these with those in Figure .v 
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Table 3. — Effects of Partial Tracheal Obstruction on the 
Circulation and the Respiration* 


Res- 
pira- 
Pulse tion 

Oxy- 

gen 

Con- 
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Min- 
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by 
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OO 2 , 

per 

Cent. 

by 

Vol- 


Minute 

Ventila- 

tion. 

Vol- 

ume 

Flow. 

Output 

per 

Beat, 

Experiment 2 
Weight, 9.5 kg. 
Before constriction... . 

Bate Rate 

O.c. 

ume 

uxne 

ume 

ume 

Pn 

Liters Liters 

C.c. 

45 



20.4 

14.3 

52.5 

49.5 





During mild constric- 
tion 

■80 



21.7 

17.3 

48.7 

46.9 





One-half hour follow- 
ing release 

. . 

. . 

• ... 

20.3 

15.4 

51.9 

48.5 


.... 

.... 

. ... 

Experiment 4 
Weight, 10 kg. 
Before constriction.. . . 

60 

18 


18.9 

18.2 

46.3 

S9.1 

7.24 


. 


During mild constric- 
tion 

96 

18 


10.4 

15.7 

47.0 

45.5 

7.14 




One and one-half hrs. 
following release. . . . 

90 

S6 


19.6 

13.5 

42.8 

35.1 

7.25 

■ »•• 

. ... 


Experiment 5 
Weight, 9.8 kg. 
Before constriction... . 

58 

so 


18.0 

11.8 

53.3 

48.7 

7.28 




During severe constric- 
tion 

60 

IS 


12.3 

9.1 

56.4 

55.2 

7.07 




One-half hour follow- 
ing release 

so 

22 


18.6 

13.2 

50.6 

46.4 

7.23 

. ••• 

* * * • 

a ■*. 

Experiment 6 
Weight, 12.9 kg. 
Before constriction... . 

60 

25 

72.0 

22.3 

17.6 

44.9 

41.2 

7.31 


1.53 

25.5 

During constriction..,. . 

60 

17 

85.8 

22.5 

18.8 

57.6 

54.8 

7.11 

* ... 

2.32 

38.7 

Three-fourths hour 
following release. . . . 

60 

• • 

96.5 

22.3 

17.1 

49.5 

45.0 

7.24 

.... 

1 A 6 

30.9 

Experiment 7 
Weight, 6 kg. 
Before constriction.. . . 

57 

22 

42.0 

21.6 

16.9 

42.1 

36.2 


4.09 

0.80 

15.6 

During severe constric- 
tion 

72 

9 

59.1 

21.9 

17.8 

53.0 

51.0 


1.04 

1.44 

20.0 

One-half hour follow- 
ing release 

66 

21 

44.5 

21.6 

15.2 

46.1 

33.6 

.... 

4.63 

0.69 

.... 

Experiment 10 
Weight, 9.1 kg. 
Before constriction.. . . 

56 

15 

61.6 

24.4 

21.1 

45.2 

39.5 

7.25 

4.80 

1.90 

34.0 

During severe constric- 
tion 

66 

11 

75.0 

13.0 

11.0 

68.1 

67.7 

6:91 

1.50 

3.75 

56.9 

One hour following re- 
lease 

64 

14 

60.4 

24,2 

19.6 

51.2 

40.8 

7.21 

.... 

1.35 

21.1 

Experiment 11 
Weight, 12.5 kg. 
Before constriction.... 

60 

64 

75.0 

23.3 

19.1 

52.0 

47.8 

7.28 

6.70 

1.80 

30.0 

During severe constric- 
tion 

50 

15 

96.0 

13.6 

11.6 

74.1 

71.4 

7.00 

1.13 

4.80 

96.0 

Three-fourths hour 
following release. . . . 

60 

37 

76.0 

23.2 

17.2 

54.0 

50.8 

7.25 

6.53 

1.26 

21.0 

Experiment 11 1 
Before constriction... . 

GO 

S7 

76.0 

23.2 

17.2 

54.0 

50.8 

7.25 

6.53 

1.26 

21.0 

During severe constric- 
tion 

60 

14 

67.0 

10.1 

7.9 

70.3 

71.5 

6.94 

1.59 

3.10 

51.7 

One hour following re- 
lease. 

100 

49 

67.0 

23.2 

18.1 

50.0 

42.2 

7.29 

6.95 

1.31 

13.1 

Experiment 19 
Weight. 7.5 kg. 
Before constriction... . 

CO 

21 

52.1 

19.9 

15.3 

50.8 

46.8 

7.25 

3.78 

1.13 

18.9 

During mild constric- 
tion 

CS 

15 

S5.9 

20.7 

17.0 

54.6 

51.7 

7.14 

2.72 

1.51 

22.2 


• Tlie fipures nre laconiplcte In Esperimcnts 2, •4, and 5 as th« animals Tvere not breathing 
tlirough a spirometer. ^ 

i After an interval of an hour, all the procedures in this experiment trere repeateo. 
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COMMENT 

There are several theoretical objections to the method employed in 
these experiments : First, the use of anesthesia. As Henderson « points 
out, anesthesia may profoundly alter the volume flow. Morphin 
used because Marshall " has found that morphin has no marked effect on 
the volume flow of the normal dog. Furthermore, the tables show that 
the final control blood flow was in nearly all instances of the same order 
of magnitude as the first control determination. This could not be true 
if morphin exerted am* marked continuous depressant effect on the cir- 
culation. In such an instance the blood flow three or four hours after 
1 grain (0.06 gm.) of morphin, would be distinctly lower than one hour 
after the administration of the drug. 


Table 4. — Effects of the Injection of Alkali When the Animal Has Parlisl 

Tracheal Obstruction 


Experiment 19; nrelght, 7.5 kg. 





Oxy- 

Arte- 

Ven- 









sea 

rial 

ous 

Ven- 

Arte- 







Con- 

Oxy- 

Oxy- 

OU£ 

rial 







samp- 

sen. 

gen. 

COs. 

COi. 







tton. 

per 

per 

per 

per 






Ees- 

per 

Cent. 

Cent. 

Cent. 

Cent. 


Minute Vol- 

Output 



pira- 

Min- 

by 

by 

by 

by 


Veatlla- ume 

per 


Pulse tion 

ute. 

Vol- 

Tol- 

Tol- 

Vol- 


tion, Flotr, 

Beat. 


Bate Bate 

O.c. 

ume 

ume 

uzee 

ume 

Pk 

Liters Liters 

C.c. 

Before constriction... . 
Purinff mild tracheal 

CO 

21 

52.1 

19,9 

i5a 

50,S 

4CS 

7.23 

S.73 1. 1C 

15.9 

constriction 

■Shortly following In- 

cs 

15 


20.7 

17.0 

5i.C 

.51.7 

7.U 

2.7i 1.31 

<1 * •< 

jection of f5c.c. nor- 
mal sodium carbo- 











natc 

C8 

-• 

3S.S 

19.0 

15.3 

90.9 

93.S 

TJU 

ISC 1.01 

1 


Second, the effect of high oxygen tension. Lavorsier and Seguin - 
and, more recently, Benedict and Higgins ® showed that the o.xygen con- 
sumption is not increased by breathing pure oxygen. That the minutt; 
volume of blood is not altered is shown by a comparison of the result> 
obtained by this method with those obtained by Marshall when the ani- 
mals were breathing air. The values are given in Table 5. 

However, the objection might be raised that obstruction to the respi- 
rations has a different effect when the animals are breathing pure oxygen 
instead of air. It i\'as shown in parallel experiments that respiratory 


6. Henderson, Y.: \'o!ume Changes of the Hc-an. Phy..:r)I/-,c;csl 
3:165 (April) 1923. 

7. Marshall, E. K., Jr.: Personal communication to the autlx-r;, 

S. Lavoisier and Seguin: Second Memoir stir !e Re-pira;;' n let .ir.-n; 
.'\nn. de Chem. 41:318, 1S14. 




9. Benedict. F. G., and Higgins, H. L.: ErTects on Min l: K"'-: 
Breathing Oxygen-Rich Gas Mixtures, .Am. J. Phy.jol. £8, 1911 
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obstruction affects the blood gases in the same manner, regardless of 
whether air or oxygen is breathed. In both instances a slight degree of 
constriction causes moderate carbon dioxid retention but no anoxemia, 
whereas extreme degrees of obstruction cause great carbon dioxid reten- 
tion and anoxemia. These figures are given in Table 6. 

The important results of respiratory obstruction that were found in 
these experiments include: (1) acidosis; (2) increased blood flow with 

TaUle 5. — Effect of Morphin and Oxygen on the Blood Flow 


Bcsults Obtained by Results Obtained by Authors 

Dr. E. K. Marshall, Jr., on on Dogs Anesthetized ■with 

Unancsthotized Dogs • Morphin and Breathing 0,fygen 

* . « 


Dog Number 

Volume Flow 
per Minute 
per Kilogram, 
O.o. 

Dog Number 

Volume Flow 
per Minute 
per Kilogram, 
O.c. 

Dog Number 

• A 

Volume Plow 
per Minute 
per Kilogram, 
0.e. 

1 

109 

6 

110 

15 

147 

2 

122 


148 

16 

209 

S 

154 

10 

210 

ir 

155 

4 

154 

11 

144 

18 

170 



12 

151 

19 

151 



14 

153 



Average 

135 




159 


* Dr. Marshal] very kindly furnished the figures for his normal dogs. His values for each 
animal represent the average of a number of determinations. Our figures represent only one 
determination on each animal. It can be seen that there is no great difference, the values for 
the trained animals being only slightly lower than those for the morpbinized animals. 


Table 6. — Similarity of Blood Gases Following Mild and Severe Constriction 
When (1) Air Is Breathed and (2) Pure Oxygen Is Used 


Arterial Oxygen, Venous Oxygen, Arterial COs, Venous CO 2 . 
per Cent, by per Cent, by per Cent, by per Cent, by 
Volume Volume Volume Volume 

, ^ , -* , r- — > / ' 

Ex- Be- Dur- After Be- Dur- After Be- Dur- After Be- Dur- After 

peri- Degree fore ing fore ing fore Ing • fore Ing 

ment of Oon- Con- Con- Oon- Con- Con- Con- Con- Con- Con- Con- Con- Con- 

Xum- Gas stric- stric- stric- stric- stric- stric- stric- stric- strlc- stric- strle- strie- stric- 

ber Breathed tion tion tion tlon tlon Won tion Won Won tlon Won tion tion 


4 

Air 

Mild 

18.9 

19.4 

19.6 

13.2 

16.7 

13.6 

39.1 

45.5 

35.1 

46.3 

47.0 

35.1 

0 

Oxygen 

Mild 

22.3 

22.5 

22.3 

17.6 

18.8 

17.1 

41.2 

64.8 

45.0 

44.9 

67.6 

49.5 

5 

Air 

Severe 

18.0 

12.3 

18.6 

11.8 

9.1 

13.2 

48.7 

55.2 

46.4 

53.3 

56.4 

50.6 

10 

Oxygen 

Severe 

24.4 

12.0 

24.2 

21.1 

11.0 

19.6 

39.5 

67.7 

40.8 

45.2 

68.1 

51.2 


a pulse rate that was almost constant; (3) a tendency for the oxygen 
content of the arterial and venous blood to equalize at a lower level than 
normal ; (4) an increase of the carbon dioxid content of the arterial and 
venous blood, and (5) marked slowing of the respiratory rate and the 
diminished minute ventilation. These points together with the effects 
of the injection of alkali when obstruction was present are discussed as 
follows : 

1. Acidosis . — Obstruction to the respirations invariably caused an 
acidosis that was dependent on the retention of carbon dioxid. The 
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usual types of acidosis seen clinically — diabetic and renal — arc not due 
to an excess of carbon dioxid but to an excess of nonvolatile acids. In 
these conditions the carbon dioxid is blown off as a compensatory mech- 
anism and the amount of the gas in the blood is decreased ; whereas in 
the acidosis of respiratory obstruction the carbon dioxid content is 
increased. This emphasizes the point that has been so frequently made 



Fig. 4 (Experiment 19). — Effects of injection of alk.nli when partial tr.aclic.al 
obstruction is present; C, con.«:triction; A, alk.ali injection. The ch.anccs that 
take place when alkali is injected intravenously into an animal that has parita! 
tracheal obstruction arc: (1) the immediate decrease in the blood fiov.- v.jth 
a sjTiclironous increase in the pu of the blood; (2) a decrease in oxyp^er. con- 
sumption though the arterial blood remains normally saturated, and fa) 
marked increase in the carbon dioxid content of the arterial and venous l!o'. l 
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by Van Slyke,^® that the carbon dioxid combining power (or content) 
of the blood is not an invariable index of the hydrogen ion concentration. 

2. Increased Blood Flozv. — The volume flow frequently increased as 
much as 100 per cent, when tracheal constriction was produced and in 
several instances a much greater rise was noted. This is not entirely 
in accord with the observations of Huggett,^^ who found that an inspira- 
tory resistance caused an increased flow, whereas an expiratory resist- 
ance decreased the flow. This discrepancy can probably be explained 
by the fact that Huggett worked with cats — ^weaker animals than dogs — 
and used urethan as an anesthetic. Marshall has shown that urethan 
alters the circulatory mechanism. 

The fact that a normal respiratory mechanism can compensate for an 
impaired circulation is well recognized. From these experiments one is 
led to believe that the normal circulation can to a great extent compen- 
sate for a failing respiration. When the alveolar tension of carbon 
dioxid is increased and the alveolar tension of oxygen is diminished, 
each unit of blood can take up less oxygen and give oif less carbon 
dioxid. Hence, if the total exchange of these gases is to remain unal- 
tered, the number of units of blood passing through the lungs must be 
increased. The circulation offers the second line of defense against 
failure of tissue metabolism. 

Since respiratory obstruction caused both an acidosis and an increased 
blood flow, the question naturally arose as to whether the first phe- 
nomenon was the cause of the second. This point has been investigated 
in some detail in another series of experiments which are to be reported 
elsewhere.^® 

3. Effect of Respiratory Obstrtiction on the Absorption of Oxygen 
and Excretion of Carbon Dioxid. — ^With slight degrees of obstruction 
there was no effect ; with moderate degrees of obstruction carbon dioxid 
retention and acidosis were produced but anoxemia was not found. This 
was true regardless of whether the animals were breathing oxygen or 
air (Table 6). With extreme obstruction marked acidosis and anox- 
emia occurred. Even in the latter instance the oxygen consumption was 
not decreased. These findings are noteworthy in view of a recent ten- 
dency to emphasize the stability of the carbon dioxid mechanism as 

10. Van Slyke, D. D. : Studies of Acidosis, XVII, The Normal and 
Abnormal Variations in the Acid-Base Balance of the Blood, J. Biol. Chem. 
48:153 (Sept.) 1921. 

11. Huggett, A. S. : Studies on the Respiration and Circulation of the Cat, 
IV, The Heart Output During Respiratory Obstruction, J. Physiol. 59:373 
(Dec.) 1924. 

12. Harrison, T. R. ; Wilson, C. P., and Blalock, A. : The Effects of Changes 
in Hydrogen Ion Concentration on the Circulatory Minute Volume in Morphin- 
izcd Dogs, unpublished. 
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contrasted with the oxygen mechanism. Thus, Hastings, Neill, Morgan 
and Binger state : 

In any individual breathing ordinarj' atmosphere, respiratory hindrance must 
result in serious anoxemia long before carbon dioxid acidosis has become at 
all significant. 

This conclusion is drawn from work on pneumonia. In this condi- 
tion the normal lung ma}', by overventilation, compensate for lack of 
carbon dioxid excretion in the diseased lung, but cannot compensate for 
lack of oxygen absorption because the blood through the good lung is 
already nearly 100 per cent, saturated. With obstruction to the respira- 
tions quite a different condition exists. The tension of o.xygen in the 
alveoli may fall by as much as 35 per cent, before anoxemia occurs, but 
a slight rise in alveolar carbon dioxid tension, uncompensated by over- 
ventilation, causes acidosis. Under such conditions the oxygen mechan- 
ism is the more stable. That this is also true under normal conditions is 
evidenced by the work of BuniVell and Robinson,*'* who found that the 
rate of blood flow, determined by the oxygen method, was distinctly less 
variable than when determined by the carbon dio.xid method. 

Our findings are in accord with the observations of Hoover,’® who 
states : 

Cyanosis does not follow even very severe stenosis of Ibe trachea. It is 
an impressive fact that a patient may have uncomplicated sicno.sis of the 
trachea which will compel the use of the utmost strength for both ins[)iralion 
and expiration and still show no visible evidence of anoxemia. 

4. Diminished Minute Ventilation . — Obstruction to the respirations 
decreases the amount of air that can be breathed in one resj)iration, and 
increases the amount of time necessary to inhale or e.\hale a given 
amount. Under such conditions rapid, shallow breathing is extremely 
inefficient because a great part of the expiratory effort is expended in 
washing the dead space; hence it seems that slow re.spi rations of the 
greatest possible depth are more efficient than shallow respirations at a 
more rapid rate. 

In the animals with respirator)' obstruction, the respirations were 
actually slow and observation of the animals gave the impression that the 
greatest possible effort was being expended with each expiration and 
inspiration. 

13. Htistings, A. B.; Neill, J. M.; Morgan, H. .1.. and Binger, C. .X. L.; 
Blood Reaction and Blood Gases in Pneumonia, J. Clin. Investig-ition 1:125, 
1924. 

14. Burwell, C. S.. and Robinson. G. C.: The Gaseous Content of tlse Blo''!i 
and the Output of the Heart in Norma! Re.stinp .Adults, I. Clin. Invt£tir.-:tif.n 
1:87, 1924. 

15. Hoover. C. F.: Nelson’s Loose Leaf Living Medicine, Thomas Nelson 
and Sons, 8:393. 
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The question as to why the respiratory mechanism should function 
in the most efficient manner under these conditions, is of some interest. 
We believe that this can be partially accounted for by the acidosis, 
which is usually characterized clinically by hyperpnea rather than polyp- 
nea. However, it is possible that the Hering-Brauer reflex enters into 
this mechanism and, since no experiments were done with the vagi cut 
or frozen, this point is not definitely settled. 

5. Effect of Alkali When Obstruction Is Presejit . — Since acidosis is 
one of the most striking effects of obstruction, the question naturally 
arises as to the possibility of beneficial effects from alkaline therapy. 

In the one animal to which alkali was given during the period of 
respiratory obstruction, rather striking effects were obtained. The res- 
pirations were greatly diminished and the animal no longer appeared 
dyspneic; the blood flow returned to the normal level. However — and 
this seems to be an important fact — ^the oxygen consumption was 
decreased. Alkali depressed the respirations so much that the intake of 
oxygen became subnormal. 

These findings indicate that whereas beneficial results may be 
expected clinically from giving alkali to patients with respiratory obstruc- 
tion due to inoperable causes, the administration- should be carried out 
very cautiously and slowly. Furtliermore, since alkali, being a respira- 
tory depressant, greatly diminishes the minute ventilation, it is desirable 
to have the air breathed rich in oxygen. Therefore, alkaline therapy 
should not be attempted unless oxygen is also given. 

If suitable cases of respiratory obstruction are encountered in the 
future, we plan to make a clinical study of the effects of administering 
alkali. From the present data no very definite conclusions can be 
drawn. However, it is suggested that such therapy may prove valuable 
in diphtheria and in cases of moderately severe laryngeal edema such as 
sometimes follow bronchoscopy. In such cases tracheotomy is unde- 
sirable, and we believe that it may be avoided in some instances by the 
giving of alkali and oxygen. This treatment may prove of palliative 
value in the severe paroxysms of dyspnea in cases of mediastinal 
aneurysm or in tumor pressing on the trachea. 

■ ' SUMMARY AND CONCLUSIONS 

Obstruction to the respirations has been produced in dogs, anesthet- 
ized witli morphin. The pulse rate, respiratory rate, minute ventilation, 
oxj'gen consumption, arterial and venous oxygen and carbon dioxid con- 
tents, hydrogen ion concentration, and circulatory minute volume have 
been studied. The following results have been obtained: 

1. Partial obstruction of the tracheal cannula caused slow, shallow 
breathing. 
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2. An increase of the carbon dioxid content of the arterial and venous 
blood occurred with moderate degrees of obstruction, whereas anoxemia 
did not occur until the obstruction became extreme. 

3. Even with extreme degrees of obstruction, the oxygen consump- 
tion was not decreased. 

4. Acidosis, due to the accumulation of carbon dioxid, was a constant 
finding. 

5. The circulatory minute volume was very much increased although 
the pulse rate was practically unchanged. 

6. In one animal to which alkali was given intravenously during the 
period of tracheal obstruction, the hydrogen ion concentration and blood 
flow became normal but the minute ventilation and o.xygen consumption 
were decreased below the normal values. The dyspnea appeared to he 
relieved. From these observations the following conclusions are drawn : 

(o) A healthy circulation may partially compensate for a failing 
respiratory mechanism. 

(&) When the lungs are normal and tracheal obstruction is produced, 
the carbon dioxid content of the blood is elevated quite markedly before 
anoxemia occurs. 

(c) Alkaline therapy may be of value in cases of tracheal obstruction 
due to inoperable causes and in laryngeal edema following instrumenta- 
tion. Whenever alkali is administered, oxygen should also be given. 



POSTOPERATIVE COLONBACILLURIA * 

INCIDENCE IN ONE HUNDRED AND THIRTY CASES FOLLOWING 
SURGICAL PROCEDURES 

CHARLES C. PINKERTON, M.D. 

AKRON, OHIO 

The appearance of the colon bacillus in the urinary tract in health 
following gestation, disease or injury, and especially following surgical 
operation, is a problem of peculiar interest to the profession. 

When the colon bacillus was first isolated from human feces by 
Emmerich in 1885 he thought it to be the specific cause of Asiatic 
cholera but, later, it was found to be a normal habitant of the feces. 
However, its presence in appreciable numbers in uncontaminated urine 
has usually been considered as associated with pathologic change, for 
the urinary tract is not considered the natural locality of the colon 
bacillus. 

In searching the literature one is impressed with the variant condi- 
tions during or following which a colonbacilluria exists, aside from 
certain saprophytic strains occurring in apparently normal subjects. It 
is quite commonly intercurrent in the infectious diseases. Colon bacillus 
pyelitis frequently complicates the diseases of childhood. Such diversi- 
fied conditions as accidental injury with external lacerations, general 
run down state due to overwork, and cyluria (caused apparently by 
Filaria sanguinis-hommis) have been accompanied or followed by a 
colon bacillus infection of the kidneys. 

Obstetricians and gynecologists always have been confronted with 
complications due to urinary tract infection, and since the discovery of 
the colon bacillus different strains of this organism are found in a rather 
large majority of cases as the predsminating or the only infecting agent. 
Often the general surgeon is faced with a laboratory report that sug- 
gests infection of the urinary system, and in this study we have 
embodied the incidence and significance of colonbacilluria following 
surgical operations. 

Severe infections of the upper urinary tract such as pyelonephritis 
or pj'elocystitis are not altogether uncommon after operative procedure. 
Usually bacilli of the colon group are found as the cause. It may be 
that they overgrow and crowd out a primary invader, such as the 

* From the Graduate School of Medicine of the University of Pennsylvania 
and the Akron City Hospital, in partial fulfilment of requirements for the degree 
of master of medical science. 
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staphylococcus or the streptococcus. Stirling^ thinks that if careful 
search is made an organism other than the colon bacillus may be isolated 
in certain cases. In his series of 175 cases of pyelonephritis, 13 per cent, 
followed surgical operations. 

VIRULENCE 

Many are of the opinion that patients recover from the subjective 
symptoms of pyelitis after a few days in bed but continue e.xcreting large 
numbers of colon bacilli in the urine. Meyer-Betz - hints that the body, 
accustomed to the parasitism of Bacillus coli in the intestines from birth, 
adapts itself to the urinarj' inhabitant through an acquired general 
immunity or an acquired capacity of the mucosa of the renal pelvis to 
prevent passage of Bacillus coli into the blood. 

Persistent colonbacilluria without symptoms is a phenomenon that 
is not uncommon. Graff ^ believes that after colon bacilli have reached 
the renal pelvis, bacteriuria may be present for weeks, months or years 
without causing symptoms. He emphasizes the constant danger that 
some special circumstance may be the exciting cause of an acute infec- 
tion with marked subjective and objective symptoms. Koll * in 1915 
expressed the view that saprophytic bacteria do not e.\'ist in the upper 
urinary system but are found only in the urethra and the prostate. 
Hess,® in his experimental work, caused rabbits to pass Bacillus coli 
rapidly through the kidneys without producing lesions. 

Different opinions are held as to the virulence of Bacillus coli in the 
urinary tract. Many authorities believe that it varies within rather 
wide limits. Keyes ® holds that it is only mildl}' noxious in the upper 
urinary tract. The existence of the many strains of this organism 
probably explains in part its vaiydng pathogenic status in the urinary 
system. The importance of the local and general resistance of the 
individual to the colon bacillus in the urinary tract should not be over- 
looked. Barney " has obsen'ed several cases in which a state of low 
resistance due to overwork seemed to be an important etiologic factor, 

1. Stirling, W. C, Jr.: Observations on 175 Cases of Pycloiicpliritis, Surp , 
Gyncc. & Obst. 37:751 (Dec.) 1923, 

2. Meycr-Betr, F. : Uber Primare CoUpycIitis, Deutfcii. .^rcli. f. klin. 'fed. 
105:531, 1912. 

3. Graff, H. : Die Koliinfeklion der Xicren und ihre Bcb.nndhinp. Zt'cbr. f. 
urol. Cbir. 3:6-32, 1914. 

4. Koll, I. S. : Bacteria of tbc Urinarj' Organs, Not Including tlie Tufttrcle 
Bacillus, Internal. .Mistr. Surp. 20:349 (.^pril) 1915. 

5. Hess, Otto: Experimentcllc Untersuebunpen uber die Bacterium Coli 
Infektion der Hernwepe. Mitt. a. d. Grenzgeb. d. Med. u. Oiir. 26:135. 1913. 
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ETIOLOGIC FACTORS IN GENERAL 

Thompson-Walker ® and others point to the intestinal tract with con- 
ditions such as protracted constipation or severe diarrhea as the source 
of the organism in the urine. Rawls ® reported fourteen cases of urinary 
tract infection due to the colon bacillus occurring after operation, and 
accounted for the primary foci in six different localities as follows: 
infected ectopic gestation and abdominal wound ; appendiceal and pelvic 
abscess; carcinoma of the stomach and gallbladder; appendix alone; 
pelvic abscess, and perinephritic abscess. 

The incidence of colonbacilluria among women is greater tlian among 
men and the female sex also predominates in the number seeking treat- 
ment because of urinary tract symptoms. Sterling ^ points out that one 
reason for this condition is doubtless lack of drainage in the female 
urinary system because the generative organs encroach to a greater or 
lesser extent on the urinary tract. Baisch found that when women 
were confined to bed and were allowed to void only twice in twenty-four 
hours Bacillus coli invariably could be cultivated from the external 
urethra and its vicinity within five days. Cabot found colon bacilli 
in the urine in about 25 per cent, of a series of cases studied during 
pregnancy. 

The right kidney and ureter are involved more often than the left. 
Kretschmer ’•2 cited Franke, who was able by injecting the lymphatics 
of the large bowel to show that the lymphatics of the right side pass 
over the right kidney capsule. Franke concluded that there exists on 
the right side and probably on the left a direct communication between 
the large bowel and the kidney by way of the lymphatics. Kretschmer 
maintained that constipation is one of the primary predisposing causes 
of pyelitis, explaining that the colon bacilli arrive in greater numbers 
after their increased production in the bowel. He noted the large 
number of cases of pyelitis found in follicular enteritis and cited Tavel’s 
postoperative goiter case in which the wound became infected with 
Bacillus coli, the patient having had a severe attack of gastro-enteritis. 
He also cited Asch’s four cases of bacillus coli infection of the urinary 

8. Thompson-Walker, J. W.: Acute Pyelitis, Pyelonephritis and Suppura- 
tive Nephritis, Practitioner 36:655, 1911. 

9. Rawls, R. M. : B. Coli Infections of the Urinary Tract, M. Rec. 81:359 
(Feb. 24) 1912. 

10. Baisch, A.: Ztschr. f. Geburtsh. u. Gynak. 8:124, 1904. 

11. Cabot, H.: The Role of the Colon Bacillus in Infections of the Kidney, 
New York State J. Med. 21:35 (Feb.) 1921. 

12. Kretschmer, H. L. : Pyelitis of Pregnancy, J. A. M. A. 81:1585 (Nov. 
10) 1923. 
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tract cured by treating the associated constipation. Fran^ais,” in three 
cases of renovesical colon bacillus infection due to cecal stasis, went so 
far as to treat by operation (colostomy and ileocolostomy) the cause 
of the stasis, reporting a disappearance of the bacilluria and complete 
alleviation of the urinary symptoms. On the other hand, Hess,® in 
his extensive animal experimentation, produced fecal stasis through 
opium administration for a period of more than three months with 
simultaneous constriction of one ureter, and at necropsy found no micro- 
scopic lesions in the urinary tract. Bacillus coli being present only in 
the intestinal tract. 

The different theories advanced as to the effect, directly or indirectly, 
of surgical operation on Bacillus coli infections of the urinary tract are 
an interesting phase of this subject. Furniss “ pointed to wounds 
infected with intestinal contents as a potential source of urinaiy tract 
infection. He laid stress on his belief that renal infections are often 
caused by the breaking loose from tlie wound region of infected thrombi 
that reach the kidne}' by the hematogenous route, and observed the 
process as a sudden, acute condition occurring several days after the 
operation. In his experience operations on the intestinal canal also 
predispose to urinary tract infection. He believed that many cases 
occurred in which there never had been any antecedent catheterization, 
cystitis or other infection of the urinary system. 

In a logical discussion of the reasons for postoperative urinary tract 
infection, Jacobson and Keller point out certain unanatomic conditions 
remaining after operations in which portions of the urinary tract arc 
distorted. Trauma and congestion with interruption of the blood supi)ly 
follow all operations in which the urinary' bladder is separated from its 
attachments. In their experience cy'stoscopic e.vamination following 
such operations often revealed anatomic malposition of the base, distor- 
tion of the trigon, displacement of the ureteral orifices and swelling with 
edema about the urethral orifice. Often pockets are left in the bladder 
which arc seldom free from residual urine. 

Of vital importance in the etiology of urinary infection, possibly of 
more importance than the presence of the organisms, is that condition 
of the urinary tract which has been referred to by' different authorities 
as the “prepared soil.” Keyes® described those factors, which usually 
follow one another in rapid sequence, as obstniction (due to prostate. 
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stricture, stone or tumor) followed by retention, congestion and vascular 
changes, stretching and atony of the bladder with consequent residual 
urine, and the addition possibly of trauma. Here the preparation is 
complete for bacterial invasion. He declares that no other organism 
except the tubercle bacillus and the gonococcus can take root and multiply 
in the urinary tract unless the soil on which they flourish is congested, 
and asserts that bacteria are not the most essential agents in infection of 
.the urinary tract. 

Cabot in his well known monograph “The Doctrine of the Prepared 
Soil” has followed a very similar line of reasoning. He considers post- 
operative congestion of the whole urinary tract coupled with low resis- 
tance to the colon bacillus typical preparation of the soil, which will 
usually be followed by a flourishing growth of the organisms present. 
Such congestion he says, is often due to retention, which is followed 
in turn by distention and often by sudden emptying of the bladder by 
catheterization of the patient. 

In 1911 Brewer published some of the results of his animal experi- 
mentation, in which he observed in part the effect of more or less com- 
plete anemia, hyperemia and other vascular changes in lowering the 
resistance of the kidney to blood infection. He found that such changes 
in the blood supply so lowered the resistance of the organ as to result 
in definite surgical lesions. 

Trauma is regarded as a most important element in the causation of 
urinary tract infections when organisms such as Bacillus coli are present. 
Koll in 1915, after experimental work on animals, reported that the 
nontraumatized kidney in the absence of obstruction usually overcomes 
spontaneously the invasion of virulent micro-organisms. Traumatic 
injury with the organisms present may not be always a certain exciting 
factor, however, for certain observers have found the urinary tract 
capable of protecting itself against invading micro-organisms, especially 
the colon bacillus, even in the presence of trauma, provided no other 
factors such as obstruction are coincident. Barber and Draper^® con- 
cluded after a series of experiments on animals that traumatism of the 
ureter results in a mechanically changed kidney that may be infected 
later. 
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Obstruction is conceded by practically all to be directly or indirectly 
the most important factor in preparing the urinary system for bacterial 
invasion, and this leads us to a consideration of the part played by 
residual urine. Curtis has made careful observations on the manairc- 
ment of stasis of vesical urine, especially in the female bladder, and 
has pointed out repeatedly the great increase in the danger of infection 
of the urinary tract wherever there are postoperative accumulations of 
residual urine. In 1923 he found in a series of 1,595 convalescent female 
patients that residual urine of more than an ounce (30 c.c.) was present 
after a return to spontaneous micturition in more than 64 per cent, of 
all repeatedly catheterized patients. The residual urine is the chief 
cause of infection. 

Falls noted Bacillus coli in six out of ten cases of residual urine 
specimens collected from pregnant women. Albeck®® reported after 
examination of 250 gynecologic cases that 130 presented bacleriuria. Of 
the group of 120 without residual urine only sixteen showed bacteriuria. 
the remaining 104 being sterile. In this series no case of urinary obstruc- 
tion was present but the bladder had been weakened by age, tumors or 
displacements. 

Mills pointed out the effect of gravity in subjects who have 
residual urine, describing the funnel shape of the bladder with the apex 
corresponding to the urethra as shown by the roentgenograph with a 
bismuth suspension. This observer found that the bismuth su.spension 
in the bladder would not wash out with the patient in the reclining i)osi- 
tion but that in the sitting position complete evacuation could he accom- 
plished. Furthermore, the wide variation in amounts of urine collected 
by the catheter in certain of the cases at regular intervals, indicate clearly 
that the catheter could not be relied on completely to empty the bladder. 
Some chronically distended bladders with lateral pouches would he very 
difficult to empty completely. In all cases with residual urine, he found 
bacilluria very common. 

Regarding the importance of the catheter as a factor in bladder 
infections there is some divergence of opinion. Certain clinicians concur 
in the opinion that some cases of bladder infection are held to be due 
to catheterization in which this procedure is not the cause. Curtis ■■■ 
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led to a perfect recovery without any subsequent fistulas and with satis- 
factory final function of both kidneys. 

Renal Neoplasm . — Cabot states that the incision or incisions for 

the exposure of renal tumors must give free access and handicap the 
surgeon as little as is compatible with a decent respect for anatomic 
structures. The incision must also allow a wide exposure of the peri- 
renal structures because in many, if not most, of the cases it will be 
necessary to deal with something more than the kidney itself. The 
surgeon should do his work with as little permanent damage as possible. 
Damage to the nerve supply, particularly in the case of operations 
involving divisions of the abdominal wall, is to be avoided if possible 
Division of muscular structures, though it often looks serious and gives 
the impression of radicalism, is not so in fact. Muscular structures 
unite with fibrous tissue giving a scar of satisfactory firmness and doing 
little damage to the general integrity of ithe abdominal wall. The 
classical oblique incision ordinarily begins at about the anterior border 
of the erector group of lumbar muscles and extends forward and down- 
ward just below and, in general, parallel with the twelfth rib. It is 
possible to extend this incision forward and inward to almost any 
extent. This incision avoids damage to large nerve trunks and has been 
eminently satisfactory for a large majority of the problems presented 
in renal surgery. In the case of renal tumors, however, it does not 
give quite satisfactory access to the tumor. In many of these cases 
the mass is situated relatively high under the diaphragm. It is neces- 
sary to remove not only the kidney itself but also its fat capsule, a 
requirement that does not obtain in other operations on the kidney. 
The most important defect of this incision, however, appears to lie in the 
relatively poor access that it gives to the renal pedicle. In operations 
on tumors of the kidney, hemorrhage is the greatest factor in the mor- 
tality. Inability to control bleeding satisfactorily is likely to result 
from a cramped approach, and in this case Cabot believes that the 
common use of this incision is an important factor in the still too high 
mortality in this group of cases. The anterior oblique incision starts 
relatively farther forward than the classical incision and is continued 
downward and mesially from a point in about the midaxillary line 
parallel with the direction of the fibers of the external oblique. It is 
satisfactor}’^ from the point of view of moderate damage to structure 
and avoidance of the most important nerve trunks. This incision gives 
relatively poor access to the tumor. It may also damage nervous struc- 
tures if it is made of thoroughly sufficient length. The nerve-supply 
the rectus muscle turns sharply inward and is Iikel)>^ to be divided with 
the effect of producing more or less paralysis of this structure. 

10. Cabot, Hugh: The Operative Approach for ifalignant Tumors of the 
Kidney, J. Urol. 14:261-267 (Sept.) 1925. 
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A third type of incision which Cabot describes is the umbilical: 
a vertical incision through or at the outer border of tlie rectus 
muscle combined with a transverse incision about the level of the umbi- 
licus. This incision gives satisfactory access but is undesirable on 
account of the inevitable damage to the nerve supply of the rectus 
muscle. If made of sufficient length to give thoroughl)’’ good access, it 
will be likely to paralyze the greater part of the rectus muscle. The 
transverse portion of this incision is largely free from objection but its 
vertical limb is highly damaging. The high transverse incision with 
cross cutting of the last rib is rarely used, as the vertical portion dam- 
ages nervous structures. Cabot draws particular attention to a com- 
bination of the transverse incision with a vertical incision in the median 
line. The incision should be started well back in the loin near the 
anterior border of the erector group. It should be planned to pass not 
far from the lower border of the twelfth rib, inclining slightly down- 
ward until it reaches the median line in the region of the umbilicus. 
The course of this incision does not traverse any nerve trunks of im- 
portance and will not result in paralysis of the rectus or of any import- 
ant amount of the oblique muscles. It is then met by an incision in the 
median line carried upward to any necessary extent. This does not 
damage the nerve supply or other important structure. It allows the 
raising of a triangular flap which gives direct access to all of the 
structures of the upper quadrant. Through this incision the costal 
margin may be lifted as freely as is ordinarily necessary. The 
peritoneum is lifted from the posterior wall, carrying with it the colon 
and its mesentery which may be turned inward as far as the median 
line. This flap of peritoneum with its intestinal and mesenteric content 
has the effect of keeping the other intestines out of the way and gives 
a wholly satisfactory view of the field. Cabot believes that this is the 
least damaging and most satisfactory of all incisions of this type. It is 
possible to control all the blood supply satisfactorily, especially in the 
approach to malignant tumors. 

Beyer states that nephrectomy is the only treatment for renal 
tumors. Recurrence usually occurs in the scar, more rarely by metas- 
tasis. In more than half the cases recurrence appears during the first 
year after operation. About 15 per cent of the patients may expect a 
permanent cure; 11 per cent of Beyer’s patients were cured, Xeilhcr 
the study of the general or local condition of the patient nor the histo- 
logic nature of the tumor can give any definite deduction so far as the 
prognosis is concerned. Extensive adhesions constitute a unfavorable 
prognosis. In the discussion of this report, IMarion insists on the need 

11. Beyer: D;ag:nostic ct traitcment des tiimcurs du rein. Bnixcllc? nK-d., 1^2r. 
pp. 386-388. 
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of earl}^ diagnosis and cites unilateral hematuria as one of the most 
important symptons. He also prefers the lumbar incision with resect- 
ion of the twelfth rib if necessary. He does not rely on radiotherapy. 
Chevassu, confirming the foregoing, desires a routine roentgen-ray 
examination of the chest in order to eliminate pulmonary metastasis, 
which would be a contraindication to operation. Of ten patients on 
whom Chevassu performed nephrectomy for renal tumors, one died and 
several others had recurrences. 

Hyman reports a series of seventy cases of renal tumors : forty- 
four of hypernephroma. Sixty patients were adults and ten were 
)^oung children under nine years. Fifty were males. More than half 
of these cases occurred during the fourth and fifth decades. The right 
kidney was diseased in thirty-eight cases, the left in thirty-two. Calculi 
were found in three cases. In one of these malignancy was not 
suspected, a diagnosis of calculus having been established. At oper- 
ation a suspicious looking area in the cortex was discovered, and on 
microscopic examination proved to be adenocarcinoma! Hematuria 
was the first symptom of twenty-one of sixty adult patients. Nine 
patients had had the initial hematuria within six days whereas the 
majority had had it weeks, months and even years before. Pain, as 
an initial symptom, was present in eighteen cases, and not infrequently 
antedated the appearance of hematuria by many months, and in a few 
cases, years. Hematuria was the predominating symptom, from a 
diagnostic point of view as it served to direct the notice of the patient 
and physician to the urinary tract as the seat of the trouble. The 
bleeding in some cases was profuse. It may be only microscopic for a 
long time, before a macroscopic hemorrhage takes place. It is generally 
painless except where blood clots are passed. Twelve patients (20 per 
cent) had metastasis when first observed. The points of predilection 
for secondar)*^ deposits are the lungs, long bones, liver and brain. 
Involvement of the retroperitoneal glands in the region of the kidney 
was found four times in sixty cases, three times with carcinoma, once 
with hypernephroma. In children tumors of the kidney have different 
characteristics from those in adults. The first symptom in many cases 
is the presence of a large abdominal mass which may sometimes become 
enormous. The child may appear quite well. 

In all cases of renal tumors the one recognizable form of treatment 
is nephrectom}' ; radium and deep roentgen-ray treatment are to be 
used only as adjuvants. Deep roentgen-ray treatment may be of value 
in inoperable cases for controlling hematuria. In the series of cases m 
adults there were forty-two in which lumbar nephrectomy and five m 

12. Hyman. Abraham: Clinical and Surgical Aspects of Renal Neoplasms, 
Surg. Gj-nec. Obst 41:298-310 (Sept.) 1925. 
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which transperitoneal nephrectomy were performed, the latter being 
reserved for very large growths. Besides the usual oblique incision, 
a transverse lumbar incision has been recommended, dividing, if neces- 
sary, one rectus muscle. This incision gives a very good exposure. If 
a question arises as to the operability of a case, it is advisable to open 
the peritoneum and examine the liver for metastasis. The renal vein 
should be ligated as early in the operation as possible to prevent tumor 
cells from being squeezed into the general circulation. It is important to 
excise entirely the fatty capsule of the kidney. With transperitoneal 
nephrectomy there is a higher mortality because peritoneum is opened 
and there is usually more extensive involvement. In twenty cases the 
growth had extended into the renal vein ; in a few it had extended into 
the vena cava. This condition does not necessarily make the prognosis 
more grave. Ten patients in this series with involvement of the renal 
vein have survived operation for from one to five years. The prognosis 
in general is bad, death occurring from recurrence, cachexia or metas- 
tasis, often as late as ten years after operation. The percentage of 
three year cures average 20 to 30, and five year cures probably less than 
15, The ultimate mortality rate is between 65 and 75 per cent. To 
reduce this high rate cystoscopy and pyelography should be practiced, 
not alone in cases of hematuria, but in every case of unexplainable 
lumbar pain. Patients complaining of intractable sciatica and lumbago 
should be examined more carefully. 

Ed. Note — Hyman’s experience %vith renal tumors is, in general, 
similar to that reported from the Mayo Clinic, where hematuria as the 
first symptom was noted in almost 40 per cent of the cases. The appal- 
ling feature of this hematuria was that it had been allowed to continue, 
intermittently, on an average for almost two years before the patient 
was referred for urologic investigation and surgical treatment. This 
is, indeed, a grave reflection on our profession as a whole. It is 
principally by seeing patients early in the disease that we may hope to 
improve our results in the treatment of renal neoplasms. 

In the matter of prognosis we have found the microscopic grouping 
of these tumors to be a great help, as in cases of malignant cystadenoma. 
From one to five years after nephrectomy the proportion of living to 
dead was 2:1; in cases of papillary carcinoma with clear cells ftyjjical 
so-called h 3 'pernephroma) 1 .T ; in cases of papillary adenocarcinoma 
with granular cells 1 :3 ; and in cases of alveolar carcinoma 1 :7. The 
greatest single factor in disturbing this ratio was the involvement of 
the renal vein with tumor tissue in the papillary carcinoma with clear 
cells. When this occurs the prognosis is generally bad although in all 
large series of cases exceptions are to be found in which patients with 
undoubted venous involvement have survived as long as fourteen year.=. 
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In our series we had two patients who survived twelve and fourteen 
years, respectively, and Albrecht reports the case of one patient who 
lived twelve years.] 

Smith studied sixty-two cases of hypernephroma treated at the 
Massachusetts General Hospital over a period of twenty-three years. 
In fifty-two of the cases finally accepted the diagnosis was verified by 
the pathologist. Thirty-four, or more than half the patients, were 
between 40 and 60 years, and the patients of from 51 to 60 years were 
more than twice as numerous as those in any other decade. Forty-three 
were males, nineteen were females. The right kidney was primarily 
involved in twenty-seven, the left in twenty-five. In one case both 
suprarenals contained hypernephromas of approximately equal size. 
There was hematuria in twenty-seven of the sixty-two cases ; in thirty- 
two none. Pain was noted as being present in thirty-two cases, and 
absent in twenty-six. The most consistent finding was that of tumor. 
An enlarged kidney was found in forty-eight cases; in a number of 
instances the patient himself had noticed the mass. In only one of the 
twenty-six cases in which nephrectomy was performed was it stated 
that no tumor was felt. In two other cases no mention of tumor was 
made. The early occurrence of hematuria is a favorable factor, as it 
alarms the patient. The value of hematuria as a warning is demon- 
strated by the fact that in 61 per cent of the twenty-six cases considered 
suitable for nephrectomy there was hematuria, whereas in only 43 per 
cent of the entire series was there blood in the urine. Pyelograms were 
made in ten cases, in all of which malignancy was indicated. The 
earliest pyelogram was made in 1916; the earliest divided function, by 
phenolsulphonphthalein, in 1911. There were four operative deaths in 
the twenty-seven cases; one patient died from embolus during the 
operation; one, on whom a transperitoneal nephrectomy Avas per- 
formed, died from peritonitis five days after the operation; one died 
from pneumonia one month after operation, and one from shock a few 
hours after operation. Eight. of the remaining twenty-three patients 
died within a year, six from extension of the growth, two from 
unknown cause, possibly from malignancy. Four patients lived three, 
five, ten and twelve years without signs of recurrence; one patient 
lived four y’ears, two lived eight years and died from the malignancj. 
In the entire series results Avere known to be faAmrable in nine cases. 
Of the tAventy-seA^en cases of nephrectomy results Avere unknoAvn m 
six. One case, that of a man aged 34, was examined for tumor of the 
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upper arm, which was amputated. The patient lived for five years. A 
review of thirty-four inoperable cases showed that ten patients died the 
first six months after leaving the hospital and a second series of ten 
died from six to twelve months afterward. Two patients died the fol- 
lowing year and three lived from four to seven years. In one case in 
which necropsy was performed there was hypernephroma of the left 
kidney and papillar}' adenoma of the right. 

Renal Tuberctdosis. — Freudenberg^'* states that tuberculosis of the 
kidney, usually being unilateral, may affect the mobility of the bladder 
on the diseased side in such a way as to produce filling defects and dis- 
tortion of the outlet in the cystogram; this may be of diagnostic value. 
For instance, the distance of the lateral margin of the bladder from 
the median line is less on the diseased side. Frequently there is a 
sharper sloping level in the contour of the diseased side in contrast to 
the rounded outline on the other. By filling the bladder slowly, while 
the patient lies absolutely quiet, several exposures may be made. Lag- 
ging or failure of the filling out of one side, as the contrast fluid is 
introduced, may be of significance. This method is thought to be of 
value usually in cases of late unilateral tuberculosis in which the sensi- 
tiveness or small capacity of the bladder makes proper cystoscopic 
technic difficult. If the ureter in the female is palpable by vagina and 
the cystogram shows the abnormalities just mentioned, the evidence 
for tuberculosis on that side is fairly conclusive. With healing of the 
bladder subsequent to nephrectomy for tuberculosis, there is a cor- 
responding tendency for these roentgenologic findings to approach the 
normal again in varying degree. 

[Ed. Note. — Undoubtedly the study made is of confirmatory diag- 
nostic importance in cases of renal tuberculosis. As Freudenbcrg 
points out, the technic of taking the roentgenogram must be carefully 
executed, as slight changes in the position of the patient, plate or tube 
may cause an angular irradiation and give a false impression. Probably 
there are cases, such as the one mentioned by Freudenberg, in which 
the diagnosis may be safeh' assumed from such roentgenologic finding.*?. 
However, it is equally probable that in most instances one could not 
alwa5's attribute the filling defects on one side entirely to tuberculo.'sis. 
Extravesical growths, intra^’esical tumor and the like would have to 
be excluded. Not infrequently, in cases in which the infection of one 
kidney has progressed to the extent that the corresponding segment of 
the bladder is extensively diseased, the opposite kidney also is tuber- 
culous. Before operative measures are contemplated, more complete 
proof is necessary that the lesion is unilateral.] 

15. Freudenbcrg. Albert: Ein rdentgenologischcs Symptom bei Nierentuber- 
kulose. Ztschr. f. urol. Cbir. 16:187-193. 1924. 
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Berard reports the case of a man with a large abscess of the iliac 
region, which prevented him from walking comfortably and was appar- 
ently due to Pott’s disease There had been few symptoms of any kind 
during the previous year except that from time to time, at the end of 
micturition, a few drops of pure blood appeared which caused a burning 
sensation in the urethra. The urine did not contain pus. A mass had 
appeared a month before admission. It was situated below the antero- 
superior iliac spine and above Poupart’s ligament; it was elongated, 
fairly hard and painful on pressure. There was no pain on percussion 
of the spine. The mass extended as high as the lumbar region and 
could be felt by bimanual palpation. The genital organs were normal 
and the examination of the urine was negative. The cystoscopic exami- 
nation was performed with some difficulty; the prostatic urethra was 
partially obstructed. The vesical neck and interureteral regions were 
uniformly and intensely red; the ureteral orifices were difficult to find; 
bleeding occurred constantly; there were no granulations. At oper- 
ation, Berard, using an oblique costo-iliac incision, found a voluminous 
irregularly shaped kidney, which accidentally ruptured in one area, free- 
ing caseous pus. Nephrectomy and partial uterectomy were performed. 
The iliac abscess was incised ; it was found to be deep, but could not be 
connected with any organ and probably was of periureteral origin. 
Good postoperative results and cure followed, but a small iliac fistula 
with very little discharge remained. A second cystoscopic examination 
revealed a large right ureteral orifice, surrounded by an area of con- 
gestion, without ulceration or granulation, Berard was in doubt whether 
he should leave the patient to his general hygienic treatment for tuber- 
culosis or resect the remaining ureteral stump transperitoneally. 

Papin reports the case of a young man, belonging to a hemophilic 
family, exhibiting marked hematuria without any evident vesical or 
abdominal symptoms or signs. The output of urea was slightly lowered 
but the urine tests on catheterized specimens were negative, the urine 
being perfectly clear between spells of hematuria, Papin was com- 
pelled to perform nephrectomy on account of the excessive hemorrhage. 
A large bluish red kidney, containing a few fine granulations but sur- 
rounded by a perfectl}' normal capsule, was extirpated. The surgical- 
pathologic diagnosis was tuberculosis. A small vessel had been eroded 
and almost occluded by a thin coat of fibrin. This may have been the 
source of hematuria, along ivith the hemophilic constitution of the 
patient. Death took place suddenly following embolism. 

16. Berard: Sur une forme assez rare de la tuberculose genito-urinaire : Gros 
rein droit caseeux f erme : V olumineux foyer de periureterite suppuree, simulant un 
.abces froid pottique au-dessus de I’arcade de fallope, Lyon chir. 21:769-771, 19- • 

17. Papin, Marc: Tuberculose renale unilaterale a symptomatologie unique 
ment hemorrhagique cbez un hemophile, J. d’urol. med. et cliir. 20:69-72, 1923, 
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Blanc examined a young woman with advanced tuberculosis of 
the left kidney. The cystoscopic examination revealed a double ureteral 
orifice on the right side. The urine from one of the halves of the right 
kidney also indicated tuberculosis. Pyelograms taken with two differ- 
ent catheters revealed that the superior pelvis corresponded to tlie 
superior orifice in the bladder and the inferior pelvis to the inferior 
orifice. The superior half had a small pelvis and appeared to be 
ati'ophic ; the inferior one, larger in size, was thought to be tuberculous. 
The phenolsulphonphthalein return was good from both renal segments. 
Left nephrectomy was performed. The upper right atrophic kidney 
as well as the infected lower one compensated very well, and three 
months after operation the phenolsulphonphthalein return was 60 per 
cent. Blanc stated that in cases of double ureter one should always 
determine which kidney corresponds to each ureteral orifice by a pyelo- 
gram taken with two catheters. The functional value of a kidney does 
not always correspond to the amount of parenchymatous tissue, and a 
small pelvis does not necessarily indicate an atrophic kidney. A small 
apparently atrophic kidney may be capable of an unexpected hyper- 
function. When a renal mass is composed of two separate unequal 
segments, the smaller superior portion does not always correspond to 
the diseased area. A slightly infected tuberculous kidney may show 
considerable compensatory hypertrophy after the removal of the more 
seriously infected opposite kidney. With the aid of the phenolsul- 
phonphthalein functional test, one may follow step by step the develop- 
ment of the functional activity of a kidney and its progressive 
hypertrophy. 

[Ed. Note. — This case is interesting in that the relationship between 
the ureteral orifices and the renal segments is opposite to that usually 
found in cases of double kidney. When two ureteral buds arc present, 
as the result of changes in the position of the duct and the rotation and 
ascent of the two renal segments, it generally develops that the lower 
ureteral orifice drains the upper kidney. Papin reported a case of 
bilateral tuberculosis in which the left kidney was partially resected; 
later right nephrectomy was performed. No report on the later results 
of Papin’s case was obtainable. It would also be interesting to know 
the late results in Blanc’s case. Braasch has shown that improvement 
is generally noted in other tuberculous foci after the removal of a 
tuberculous kidney. This is more marked when there is a focus in the 
lungs or joints. Hinman has shown that in the case of partially 
destroyed kidneys the return of function in the remaining kidney is at 
times prompt after excision of the opposite kidney.] 

IS. Blanc, H. : A propos d'unc tubcrciilose rcnalc jrauchc avee duplicitc 
complete dc rurctcre dii rein droit, T. d’urol. med. ct cln'r. 20; -47-57. 1925. 
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Pei-sson^® presents a clinical study of renal tuberculosis at the 
surgical clinics of the Seraphimer Hospital, Stockholm, during the 
period from 1890 to 1920. There were 295 patients; 194 (65.8 per 
cent) were men, and 101 (34.2 per cent) were women. Operation 
was performed in 205 cases and in ninety it was not. In five cases the 
disease occurred in the first ten years of life, in four cases the age 
was more than 60, and in 227 cases it was between 30 and 60. Symp- 
toms of other tuberculous lesions occurred in about half the cases as 
follows : pulmonary tuberculosis, sixty-six cases (22.4 per cent) ; 
genital tuberculosis (male), forty-six cases (15.6 per cent); tuber- 
culosis of bones and joints, twenty-one cases (7.1 per cent) ; pleuritis. 

Table 1. — Operative Mortality and Relation of Mortality to Age of Patients in 
One Hundred and Ninaty Cases of Nephrectomy for Unilateral Tuberculosis 


Patients who died from six to eighteen years after operation. .16 


Operations for unilateral renal tuberculosis 190 

Operative mortality 14 (7.3%) 

Patients with complete postoperative data 182 

Patients who died after dismissal from the hospital 45 (24.7%) 

Patients who died within three years after operation 21 

Patients who died more than three years after operation 24 

Patients who died from one to five years after operation 29 

Patients who died from six to eighteen years after operation. . 16 

KNOWN CAUSES OF DEATH IN FORTY-FIVE CASES 

Patients who died within four 3'ears 24 

From disease of remaining kidney 12 

From pulmonary tuberculosis 7 

From miliary' tuberculosis 5 

Patients who died more than four years after operation 21 

From disease in remaining kidney 9 

From pulmonar3’ tuberculosis 9 

From miliary tuberculosis 1 

From spondylitis with paraple^a 1 

From peritoneal tuberculosis ... J 1 


seven cases, and lymphadenitis, ten cases. There were eighty-four 
cases without operation in which the later results of the disease were 
known. Death occurred in seventy-one (84.5 per cent). Two years 
after onset of the disease death occurred in twenty-six (31 per cent) , 
from three to five 3 ’^ears after, in twenty-seven (32 per cent) ; from 
six to ten 3 'ears after, in t^velve (14.3 per cent), and more than ten 
3 'ears after, in six (7 per cent). Renal and urogenital tuberculosis 
and its sequels, general cachexia and uremia, are in great preponder- 
ance, forming about 80 per cent of the causes of death. 

The operative mortality in 190 cases of nephrectomy for unilatera 
tuberculosis and the relation of mortality to the age of the patients are 
shown in table 1 . 

19. Persson. Mauritz: Renal Tuberculosis: A. Clinical Survey of 295 Cases. 
Xinety of Which Were Xot Operated On, Am. Surg. 82:526-551 (Oct.) 192o. 
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Persson considers those patients as well who, three years or more 
after operation, have been found free from a troublesome desire to 
urinate, smarting pains on urination, considerable pyuria and hematuria, 
and who have, besides, almost totally regained their strength and power 
to work, and, finally, have increased in weight. In 104 cases these 
requirements were fulfilled so that definite cure occurred in 57.1 per 
cent. The observation period was from twenty-three to twenty-five 
years in two cases, from fifteen to twenty years in eleven cases, from 
ten to fourteen years in twenty-six cases, from five to nine years in 
thirty-nine cases, four 5 'ears in sixteen cases, and three )'^ears in ten 
cases. 

A detailed discussion of the method of wound closure is given. The 
best results were obtained by primary suture. In sixty-two of sixty- 
four cases in which the ureter was ligated and dropped into the wound 
and primary suture carried out, the wound was healed in a period of 
two weeks. Whenever any infection of the wound occurred the wound 
was drained usually for only three or four days. Complete data on 
135 cases of wound healing is given. Of the sixty-two Avomen who 
were of an age for conception, ten gave birth after operation to a total 
number of seventeen children. Of these nine gave birth to a total of 
fourteen normal children and to one fully developed, stillborn child. 
In the last instance, nephrectomy and, four months later, secondary 
ureterectomy, had been carried out during pregnancy. These nine 
women are now. healthy and have no trace of albuminuria. 

Reml Function . — Levy and Falci,-® after an analysis of eight cases 
of renal tuberculosis (in four of which operation had been performed), 
came to the following conclusion: In bilateral renal tuberculosis, the 
concentration and output of urea and chlorides, worked out separately 
for each kidney, do not give satisfactory evidence of the function of 
the investigated kidney. A high percentage of urea in the blood and 
marked polyuria also may lead to erroneous conclusions and cause fatal 
mistakes. On the contrary, the study of phenolsulphonphthalein 
elimination gives an accurate estimation of the condition of the kidney : 
it should be resorted to each time intervention is considered. If the 
output of phenolsulphonphthalein in the least damaged kidney does not 
indicate a serious effort at functinal compensation, operation should 
be avoided by all means. In principle, nephrectomy should never he 
attempted in a case of bilateral disease if the remaining kidney does 
not excrete more than 50 per cent of the phenolsulphonphthalein in 
seA'cnt)' minutes. 

20. Levy, R., and Falci, E.: Les indicationcs dc reprcnve dc la P. S. P. 
dans le traitcmcnt de sa tuberculoses rcnalcs bJlateralcs. J. d urol. ined. et cliir. 
19:13-22. 1925. 
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[Ed. Note. — For many years the various correlated concentrations 
of salts in the blood and urine have served as an index of renal suf- 
ficiency. Many articles on the urea concentration index have appeared 
in French medical literature. It is of interest to note tliat dye excretion 
functional tests are becoming more popular with French urologists.] 

Shaw,^^ after an extensive investigation of the elimination of 
phenolsulphonphthalein in normal and abnormal conditions, was able 
to find a definite normal curve and significant variations from this in 
several diseases. The normal curve of its elimination was determined 
by a series of forty-four tests on twenty-three normal persons in which 
the urine was collected at fifteen-minute intervals for two hours. The 
curve was characterized by an average output of 40 per cent during the 
first fifteen-minute period, 17 per cent during the second, 8 per cent 
during the third, 4 per cent during the fourth, and a gradual decrease 
to 0.5 per cent during the eighth fifteen-minute period. 

There were one or more tests performed in the same manner in 
fifty-six known cases of renal disease. In all of these cases, in which 
renal insufficiency was demonstrated by any other tests, there were 
definite abnormalities in the curve and in several cases the presence of 
an abnormal curve indicated impending renal failure, while the other 
tests were negative. 

A majority of the cases studied were those of renal damage from 
back pressure and infection. In this group a striking feature was an 
increase in appearance time and a delay in the peak of elimination. In 
the cases followed with repeated tests, the peak of elimination occurred 
earlier as the kidneys improved while the two hour output often remained 
unchanged. 

The number of cases of nephritis and vascular disease of the kidney 
studied have been too few to justify conclusions, but the results obtained 
indicate that by more frequent collection of the specimens more informa- 
tion may be gained from the phenolsulphonphthalein test and that renal 
impairment may be demonstrated even when undetectable by the test 
as usuall)’^ performed. 

In most of the cases quoted, the two hour output was quite normal 
and in many the output in the first hour would be considered normal, 
yet definite variations in the fifteen minute curve were noted. 

It is realized tliat the collection of urine specimens at fifteen minute 
intervals is not necessary as a routine, but in cases in which exact 
information concerning the kidney’s ability to eliminate phenol- 
sulphonphthalein is desirable, such a modification of the test may be 
useful. 


21. Shaw, K. C. : A Study of the Curve of Elimination of Phenolsulphon- 
phthalein by the Normal and Diseased Kidnej's, J. Urol. 13:575-591 (June) 1923. 
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Although some of the finer points of the test are lost when collec- 
tions are made at intervals exceeding fifteen minutes, for routine, 
thirty minute collections are practicable and give much more informa- 
tion than the hourly collections that are usually made. The authors 
think it important to date the collection from the time of administration 
of the phenolsulphonphthalein rather than from the time of appearance 
of the drug in the urine. In this way the appearance time, which is 
often of great importance, is incorporated in the percentage figures 
rather than existing as a separate entity. Examination of the abnormal 
curves show the advantages of this arrangement. 

[Ed. Note. — ^This report is most encouraging. Urologists who use 
the phenolsulphonphthalein test as a routine, frequently find that the 
results of this test do not correspond to the blood nitrogen studies. Yet 
simplicity malces the phenolsulphonphthalein test a desirable one for 
routine. With Clay’s modifications in technic, some of the disad- 
vantages of the test nia)’’ be eliminated.] 

Negro and Colombet,^- after studying the nonparallel excretion of 
urea and phenolsulphonphthalein (what the}’ term “le desaccord 
ureophtaleinique”) of polycystic kidneys in several cases, conclude: 

(1) The elimination of urea in cases of polycystic kidney may be 
satisfactory in amount but its concentration never reaches a normal 
level (this is due to marked polyuria which accompanies this disease) ; 

(2) if the phenolsulphonphthalein is not eliminated in the same propor- 
tions as the urea, it is because the phenolsulphonphthalein, being inde- 
pendent of the polyuria, cannot pass in greater proportion than is com- 
patible with the real excretory power of the kidney. The result is the 
"desaccord ureo-phthaleinique” and it shows also how the phenol- 
sulphonphthalein alone indicates the exact value of the kidney. In one 
case this disaccord was not present ; the urea retention was high ( 1 .07 
per cent) and the phenolsulphonphthalein was low, but the urinary out- 
put was poor and the patient died in uremic coma. This case, which 
corroborates the previous conclusions, led the authors to advance the 
following hypothesis: During the long period of evolution of the cy.'it.s. 
polyuria provokes a marked output of urea which compensates more 
or less for the mediocre renal power of concentration. Uremic trou])lcs 
take place later while cystic degeneration progresses along with gradu- 
ally diminishing diuresis. This disaccord is very marked during the 
period of polyuria ; it then tends to disappear while diuresis diminishes. 
Lower excretion of urea and phenolsulphonphthalein reach a parallel 
level when the polyuria has ceased; their degree of excretion then 
remains parallel following a more and more decreasing curve until dentil 
takes place. 

22. Negro, Mario: and Colombet. G.: Considerations nouvelles sur le fonc- 
tionnement du rein polykj-stique. T. d'urol. med. ct cliir. 20:20-26. 1925. 
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Rabinowitch reports a study of the results in cases in which the 
diazocolor reaction for uremia was used. The technic of the first part 
of the test is identical with the van den Bergh bilirubin reaction (indi- 
rect method) except that the blood may be oxalated. To 1 cc. of plasma 
or serum is added 2 cc. of 96 per cent alcohol solution. The proteins 
are allowed to precipitate and the mixture is filtered or centrifugalized. 
The clear filtrate or supernatant fluid from the centrifuge specimen is 
collected. To 1 cc. of this clear fluid is added 0.5 cc. of 'alcohol and 
0.25 cc. of diazoreagent freshly prepared. The mixture is then boiled 
for thirty seconds and then a few drops of 10 per cent solution of 
sodium hydroxide is added. The characteristic reaction is the vety 
rapid development of a pink color which also disappears rapidly. The 
data obtained in this study showed that the reaction is positive only in 
cases of marked retention of nitrogen associated with definite lesions, 
such as advanced nephritis or acute surgical diseases of the kidney and 
pyelonephritis. In cases of albuminuria, hypertension, even with retinal 
changes and definite impairment of concentrating power, the test is 
negative. A negative reaction is also seen in patients with nitrogen 
retention due to mechanical obstruction and subsequent renal insuf- 
ficiency when actual renal damage is not great. One case is cited. 
The patient suffered from bilateral renal tuberculosis with anuria three 
days before admission when the blood urea nitrogen was 90 mg. and 
creatinine 6 mg. for each 100 cc. The reaction was negative. A month 
later the blood urea nitrogen was 96 mg. and the reaction still negative. 
Later nephrectomy was followed by marked improvement. Then, as 
the urea nitrogen began to rise again, the test became positive and soon 
the patient became uremic and died. This is interpreted as showing at 
first an obstructive nitrogen retention, but as the destruction of renal 
tissue became more marked the reaction became positive. 

[Ed. Note. — This test should be of use in distinguishing between 
actual renal damage and transitory damage due to back pressure in our 
cases of prostatic obstruction. In this way a prognosis might be 
quickly arrived at in some cases.] 

Renaud stated that nephritis in patients with cancer had usually 
been ascribed to intoxication by neoplastic cells. In studying the renal 
function in different stages of the disease, Renaud wzs able to make out 
that the nephritis was one of the most important factors causing death 
in cases of cancer. He also found that nephritis was not directly depen- 
dent on the neoplasm and -had often the character of an accidental 
complication. From an anatomic standpoint kidneys of patients with 

23. Rabinowitch, I. M. : Observations’ on the V alue of the Diazocolor Rcacdon 
in the Differential Diagnosis of Uremia, Canad. M. A. J. 15:725-728 (July) 

24. Renaud, Maurice: Les reins et les fonctions renales des cancereux, t>u 
de r.^ssn. frang. p. I’etude du cancer 13:632-657, 1924. 
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cancer may he classified: (1) kidneys without lesions; (2) kidneys 
without chronic lesions, hut exhibiting lesions of toxic infectious 
nephritis, or with pyelonephritis by ascending infection, and (3) all 
the preceding kidney diseases, but superimposed on a chronic nephritis 
the origin of which antedated the neoplasia. In principle, patients 
with cancer usually have one kidney which functions perfectly normally. 
The nephritis can be considered as a complication of cancer. The com- 
jjarison of the results given h}- the anatomic and the clinical study of 
this type of nephritis arc not always in accordance; almost all post- 
mortem examinations of kidneys show some type of lesion in cases of 
cancer; on the other hand, during the evolution of the cancer, the 
exploration of renal function shows almost no renal insufficiency and 
almost no symptoms of nephritis. 

URETER 

Surgical Technic. — Marion, in a discussion of ureteral suture at 
the meeting of the Societe de chirurgic of Paris, reports the case of a 
patient operated on by Petit. The right ureter was severed during 
removal of the uterus. The ureter was sutured end-to-end over a 
catheter which was left in place seven days. One month after opera- 
tion, regular ureteral catheterization was instituted and continued over 
a period of twelve months, both to verify the permeability of the ureter 
and to maintain its caliber. The involved kidney remained normal and 
twent}' months later its function was normal, and a no. 12 catheter 
could be inserted into the ureter. Marion states that such results are 
unusual. In most cases, suture of the ureter causes stenosis, distention 
of the kidnc}'^ and later necessitates nephrectomy. A discussion on 
ligation and suture of the ureter in similar cases followed Marion’s 
remarks. J. L, Faure stated that ureterocystostomy is a doubtful 
operation. He believes in performing nephrectomy, unless the condi- 
tion of the opposite kidney is not known. Tuffier recalled the method 
of Israel who ligates the severed ureter which causes atrophy of the 
corresponding kidney. Lecene believes that this procedure is danger- 
ous, because the ligature usually is made in septic tissues, and ascending 
infection, necessitating an emergency nephrectomy, may readily occur. 

McArthur reports the repair of a constricted ureter, the delayed 
result of trauma. It had been operated on previously and the kidney 
drained. The former renal incision was reopened and the kidney was 

25. Marion; Section accidentelle de I’uretere au cours d'une hysterectomie 
pour gros fibrome inclus dans le ligament large droit; suture bout a bout sur une 
sonde ureterale ; drainage abdominal, resultat vingt mois apres. Bull, et mem. Soc. 
nat, de chir, 51:910-919, 1925. 

26. McArthur, L, L. : A New and Simple Repair of Ruptured or Strictured 
Ureters, Surg. Gynec. Obst. 41:719-721 (Dec.) 1925. 
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found rigidly fixed by the excessive infiltration and the fatty capsule 
was fibrotic. McArthur describes. the technic of his operation: Given 
a missing portion of a ureter, even 2.5 or. 5 cm. in length, a longitudinal 
slit is made in the side of the proximal portion sufficiently long to admit 
two catheters. One of these, a rubber uretheral catheter, is inserted 
upward to the renal pelvis ; the second, a ureteral catheter of good size, 
is inserted downward so that it passes out of the proximal fragment, 
and bridges the gap to the proximal end of the distal fragment. Both 
ends of the ureters are then approximated as closel)’’ as feasible by 
absorbable sutures. The catheters are then brought to the surface and 
permanently secured to the skin by stitches or other devices. All the 
urine from that kidney is thus diverted from the field of operation 
during the time of epithelization. The body tissues heal together 
around the catheter, bridging the gap between the renal and the vesical 
ends, and the catheter simply remains in place until in the judgment of 
the operator an epithelial lining has had time to grow between tlie ends. 
The catheters in McArthur’s case were removed nine weeks after opera- 
tion. There was no further escape of urine. The wound immedi- 
ately healed and the quantity of vesical urine doubled at once. Two 
3 'ears later the patient was perfectly healthy. 

Ureteral Stones. — Sacchi®^ says that ureteral stones may remain 
unnoticed for a long time although their presence gives rise to con- 
tinuous trouble. He follows Marion’s principle and makes a roent- 
genogram in every case of pyuria which is not definitely proved to be 
tuberculous. If this is not conclusive, an opaque catheter should be 
passed, and if this is unsatisfactory, a pyelogram is taken. In one 
of Sacchi’s cases four shadows, apparently of stones in the pelvis a 
little to the right of the median line, did not correspond to the course 
of the ureter. The opaque catheter, which passed without encountering 
any resistance, was seen 1 cm. from the shadows. A ureterogram 
revealed the connection between ureter and stones which proved to be 
embedded in a true ureteral pouch of a markedly dilated ureter. 

Lower-® believes that the simplest and easiest avenue of approach 
to ureteral stone within the pelvis in the female is through the vagina. 
This is particularly the case when the stone can be palpated through the 
vagina. 

The technic is simple. With the patient in the lithotomy position, 
the cervix is caught w'ith a curved tenaculum and pulled w'ell to the 
opposite side, thus pulling down the base of the bladder and the ureter. 
The stone is palpated and an incision made through the mucous mem- 

27. Sacchi: Considerations a propos de quatre cas de calculs de I'uretere, J- 
d’urol. med. et cliir. 20:27-40, 1925. 

28. Lower, W. E. : Removal of Stone from Lower Ureter 63 ’ Vaginal Route, 
J. Urol. 14:113-117 (Aug.) 1925. 
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branc of ihc vagina ])arallcl to the ureter. The tip of the index linger 
is then pushed tlirough this slit and the ureter and stone are located. 
A tenaculum is then placed above the stone to prevent it from moving 
up the ureter. By releasing the traction on the cervix and by gentle 
traction of the tenaculum on tlie ureter, the ureter and stone are 
brought within the opening in the vaginal mucous membrane, at which 
point the sionc can readih' be removed through a longitudinal opening. 
I he iticisi(m in the ureter i.s closed with a few line, absorbable sutures 
and the ureter is released. A small cigarct drain is inserted through 
the vaginal slit and is removed at the end of the second day. If there 
is no leak-age of urine, and there is not likkely to be, the patient can 
usually leave the hospital three or four days after the operation. This 
method affords dc[)cndcnt drainage, avoids external incision and shortens 
the period of convalescence. 

Frajicois.^" in three cases of calculus of the inferior e.xtremity of the 
ureter iji which an injection of a proprietary form of oil of cajuput 
above the stone and electrocoagulation of the ureteral meatus did not 
cause the stone to pass, removed the stone surgically; a low extraperi- 
toncal incision was made in order to reach the ureter. Cure followed 
in all cases. Fraticois follows several procedures in obtaining his diag- 
nosis of impacted ureteral calculus; first, a simple roentgenogram is 
taken which may reveal a shadow in the bony pelvis ; second, an opaque 
catheter is introduced into the ureter and two roentgenograms are taken 
at different angles. If the suspected shadow touches the opaque sound 
in both pictures, one may be reasonably certain of the presence of a 
ureteral stone. The graduated opaque catheter (a catheter with por- 
tions opaque to roentgen rays alternating with nonopaque segments) 
will determine the exact site of the calculus in connection with the 
ureteral orifice. If the stone lies less than 1 cm. from the ureteral 
meatus, one may hope to have it pass to the bladder by making a slit in 
the ureteral meatus with electrocoagulation. If this method fails or if 
the calculus is higher, one must not wait too long before operation for 
fear of hydropyonephrosis. 

[Ed. Note. — Urologists in this country use the ureterogram more 
frequently than the shadowgraph catheter in forming a diagnosis of 
ureteral stone. The nodular disposition of the opaque medium around 
the stone, the distention of the ureter above the obstruction and in some 
cases an absence of the medium above the shadow, while present directly 
below it, are the main points to consider in the diagnosis, A positive 
ureterogram together with obstruction to the catheter is usually sufficient 
to make a definite diagnosis.] 

29, Francois; Trois cas cic calculs de rextremite inferfeure de Turetere, enleve 
par la voie parapcriloncalc, Bruxelles med. 5:1413, 1925. 
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Chute states that infection of the abdominal lymph nodes, which is 
usually tuberculous, occurs quite commonly, not only in children but also 
in young adults ; it is occasionally seen even in older persons. The con- 
dition is subacute, as a rule, and causes vague abdominal discomfort 
rather than pain ; however, it may at times be absolutely painless. Some- 
times the pain is acute enough to lead to the removal of the appendix 
or to abdominal exploration. The condition is generally of less interest 
to the urologist than to the general surgeon. In the process of cure 
of these inflamed lymph nodes, calcification often takes place, as is the 
case in the cure of tuberculous lymph nodes elsewhere. These calcified 
abdominal nodes are of considerable interest to the surgeon since in 
their roentgenographic appearance they are easily mistaken for urinary 
calculi. This simulation may be very close indeed and must be con- 
stantly borne in mind in considering the nature of any shadows that 
have been found in patients suffering from symptoms that might be 
due to renal stones; the question of calcified abdominal lymph nodes 
need not be considered when branched coral-like shadows are seen. In 
carrying out roentgenographic investigation in cases in which the symp- 
toms suggest the possibility of renal or ureteral stones, shadows are 
often thrown by calcified abdominal lymph nodes. These shadows can 
usually be easily distinguished from those of urinary stones by their 
mottled appearance and mobilily. Occasionally the roentgenographic 
catheter, with or without stereoscopic plates, will be necessary to deter- 
mine whether a given opaque body is in a ureter or not. Rarely a 
pyelogram may be necessary to determine whether a given shadow is 
of renal or extrarenal origin. 

Marion reports three cases in order to emphasize the importance 
of catheterizing the ureters in cases in which renal stones are being 
passed ; relief from pain and even cure may be obtained by this proce- 
dure. The first case was that of a woman who, for three weeks, had 
suffered from almost constant pain in the right ureteropelvic region, 
eased only by morphine. The passage of the catheter relieved the 
patient instantaneously. The catheter was left in place for a few days 
and the stone was removed later without incident. In the second case a 
differential diagnosis between renal and hepatic colic was almost impos- 
sible. In order to help the diagnosis as well as the pain, a catheter was 
passed into the ureter ; 17 cm. deep it struck something hard which it 
finally passed ; a stream of urine was liberated. Pain which had been 
constant and severe for twenty-five days vanished immediately and 

30. Chute, A. L. : The Difficult}’^ in Distinguishing Between the Radiographic 
Appearance of Urinarj* Stones and Calcified Abdominal Glands, J. Urol. 14‘.4 
500 (Nov.) 1925. 

31. Marion. G. : De TutiUte du catheterisme ureteral dans la colique nephritique 
par lithiase, Presse med. 33:1043 (Aug. 5) 1925. 
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with the cystoscope; it will consist of destruction of the mass and 
“meatotomy” if the ureteral orifice is constricted. 

Ureteral Transplantation . — Clarion states that ureteral transplan- 
tation is of doubtful value. If a transplantation is performed, one 
should always be ready to operate on the corresponding kidney in case 
of complications. He suggests that in some cases, instead of reimplan- 
tation primary or secondary nephrectomy may be more desirable. He 
believes that, in most cases, the kidney of which the ureter has been 
transplanted becomes dilated and gradually atrophies. Sometimes 
patients do not notice the disappearance; in other cases the' imm ediate 
result is good, but later complications arise which necessitate 
nephrectom}' ; finally, in otlier cases, the immediate result is bad and 
compromises the result of the primar^f intervention. In a period of 
from fifteen da 5 's to two months three of Marion’s patients died. He 
attributed the deaths to accidents of pyonephrosis developed as the 
result of transplantation of the ureter. Legueu, taking part in the 
discussion, confirmed Marion’s statements. He found only one favor- 
able case in the literature, that of a patient who, seventeen years after 
transplantation of the ureter, still had a well functioning kidney. 

[Ed. Note. — ^In transplantating the ureter for various operations 
on the bladder the possible preservation of renal tissue is not sufficiently 
important to justify the further expenditure of time during the opera- 
tion. In many cases the ureter in question has already become obstructed 
and the corresponding kidney greatly reduced in function. Hunt®* 
reported ninety-eight cases of segmental resection of the bladder with 
ligation and transplantation of the ureter for malignant tumors. In 
forty-five cases the ureter ^ras disposed of by ligation, with six post- 
operative deaths, a mortality rate of 13.3 per cent. Necropsy disclosed 
acute pyelonephritis in all cases. Nephrectomy as a result of infection 
superimposed on h 3 ^dronephrosis was necessary in two cases, one five 
days after operation followed bj' death, the -other thirty days after 
operation with recover 3 ^ In Gfty-three cases the ureter was disposed 
of by transplantation with sixteen deaths, a mortality rate of 30.1 per 
cent. Death occurred from the third to the fifty-third day. The clinical 
cause of death in each instance was ascending infection. Subsequent 
nephrectomy w'as resorted to in only one case, nine 5 ’’ears after the first 
operation. 

In those cases in which it is necessaiy' to consider transplanting the 
ureter it may usualh- be inferred that the malignant disease is extensive, 

33. Marion: Discussion sur les implantations ureterales, J. d'urol. med. et 
chir. 20:58-59, 1925. 

34. Hunt. V. C.: Disposal of the Ureter in Surgical Excision of Malignant 
Tumors of the Bladder, J. Urol. 14:19-31 (JubO 1925. 
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and often infection is present in the surrounding tissue as well as the 
kidney. The higli deatli rate is a result of the severity of the condition 
more than of the operative procedure. It is likely that something may 
be acconiplislicd in the future in certain of these cases of extensive 
vesical carcinoma by total cystectomy and transplantation of the ureter 
into the colon.] 

Pepin ” discussed the exclusion of the urinaiy bladder. Deviation 
of urine from the bladder ma)' be obtained either by nephrostomy or 
by transplantation of the ureter to the skin or to a hollow organ. 
Nephrostomy is unsatisfactory; it is a bloody operation, causes lesions 
of the renal parenchyma, necessitates drainage against gravity, and the 
collecting apparatus is usually fixed so that the patient cannot directly 
control it. Ureteral transplantation is more satisfactor3^ Papin gives 
the following facts about this procedure: 

1. An isolated ureter docs not become necrotic if it is not separated 
from its connective sheath. 

2. Isolation of the ureter from its normal connections disturbs its 
functioning power; it becomes atonic and dilated and contracts more 
slowl\- and less frcqucntl}*. 

3. It is impossible to avoid the atonic dilatation of the ureter, but 
this develops slowly. Dilatation by stricture or kinking, which is 
rapidly progressive, can be avoided by correct surreal procedures. 

4. All surgical procedures cause infection; the resulting dilatation 
of the ureter is responsible for most infections. 

Papin gives three methods of transplanting the ureter. Transplan- 
tation to the skin, which is a relatively safe operation, may be carried 
out in the hyjJogastric region, in both flanks, in the lumbar region or 
preferably in the iliac region. One of the author’s patients is still doing 
well after iliac ureterostoni)' performed five years ago. The second 
method, transplantation of the ureter into the urethra, is dangerous 
and should not be done. The third method, transplantation to the 
intestine, is occasionall}' performed but Papin considers it a dangerous 
operation; it causes peritonitis, acute pyelonephritis, anuria, and the 
mortality is high. The Mayo Clinic reports a satisfactory series of 
cases of transplants to the intestine; only one death occurred in thirty- 
five cases. This success is due to the fact that the operations were 
performed in two stages. In a series of operations by Russian surgeons 
there were sixty-one deaths in ninety-eight cases. Papin reports the 
following series of compiled reports: In cases of total cystectomy 
the mortality of transplantation to the skin was 28 per cent; to the 
intestine, 59.2 per cent; to the vagina, 50 per cent; to the urethra, 100 
per cent (eight cases). Death occurred in ten of eighteen cases of 


35, Papin, M. ; La derivation haute des urines, Presse med. S3 : 1412-1413, 1925. 



152 


ARCHIVES OF SURGERY 


inoperable tumor of the bladder following transplantation of the ureter 
into the bowel; for the same condition death occurred in one of five 
cases of double nephrostomy and in seven of twenty-two cases of double 
ureterostomy. 

Ureteral Stricture. — Kretschmer®® reports four cases of so-called 
congenital stricture of the ureter. The etiology of this condition is 
obscure. The first case was that of a child aged 7 months. At opera- 
tion a large hydronephrotic kidney was found with a stricture of the 
ureter about 1 cm. below the renal pelvis. Nephrotomy, not 
nephrectomy, was performed, because there was no proof of the 
presence of a normal kidney on the opposite side. After the operation 
all urine came through the renal wound. The patient died two weeks 
later. Necropsy showed bilateral hydronephrosis and bilateral stricture 
of the ureter. The second case was that of a male child aged 5. At 
cystoscopy a prompt flow of very turbid urine was obtained from the 
left kidney. The urine from the right kidney was clear. A pyelogram 
showed enormous dilatation of the right kidney. At operation a stric- 
ture of the ureter at the ureteropelvic junction was found. This patient 
recovered uneventfully. The third case was that of a male child 
aged 3. The diagnosis of stricture of the ureter with hydro-ureter, 
hydronephrosis and superimposed infection was made. The fourth 
case was that of a female child aged 7 months. A pyelogram revealed 
enlargement of the right renal pelvis. Bottomley reports twenty-five 
cases occurring in children under the age of 5; in five the stricture 
was bilateral. Kretschmer draws attention to the discrepancy that may 
exist between the urinary findings and the condition present in the 
kidneys, and between the symptoms and the site of disease, especially 
in acute cases, which makes a definite diagnosis of ureteral stricture 
at times very difficult before operation. 

36. Kretschmer, H. L. : Congenital Stricture of the Ureter, Surg. Gynec. Obst. 
41:713-719 (Dec.) 1925. 
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Tlir. CONTROL OF INTRACTABLE PAIN IN 
LUMBAR REGION. PELVIS AND LOWER 
EXTREMITIES 

nv 5r-;cTi()\ or tuk axterolatekal columns of the 
.'^rr.VAL CORD ('CHORDOTOMV'U 

MAX MINOR PEET, M.D. 

AU:.' ARBO?.. MICH. 

The iritcnj-e. iiK metafile [>aifi associated with primary or metastatic 
jrrowtlis in the .‘^pine ha.'^ ahvay.s elicited the sympathy of the medical 
profc.esinn. hut our efiorts to afford adequate relief have in general 
been unsatisfactory. .■Mmo.'^t as futile have been our attempts to alle- 
viate the ])ain ()t itiopcraiile uterine carcinoma with extensive pehic 
mcta.'^ta.cc.s and of adv.anccd malignant disease in the lower extremities. 
Tliis pain, tvhile sometimes not as severe as that associated with spinal 
cord lesions, is still accountable for an untold amount of suffering. 

The routine administration of morphine in ever increasing doses and 
at shorter inteiwals has been almost universally accepted as the only 
palliative means at our disjw.'^al. Those of us, however, who ha\e seen 
these patients linger on week after v/eek and even month after month, 
begging for .‘'omething to relieve their suffering, have felt at times as 
though almost any means is justifiable. Unfortunately morphine, while 
so efficacious in most diseases, has here proved unsatisfactory; a dose 
sufficient to benumb the mentality is required to control the pain. A 
tolerance for the drug is quickly acquired and as the disease may con- 
tinue for months, enormous doses are ultimately needed to afford even 

partial relief. , i r i. 

It is for this reason that numerous surgical procedures for the 

abolition of pain have from time to time been suggested. The opera- 
tion that has been most frequently applied is that of rhizotomy. Dana 
first proposed division of the posterior roots for the relief of se%jere 
neuritic pains, and following his suggestion Bennett m 1886 and Abbe 
in 1888 divided certain posterior nen-e roots. In 1908 Forster recom- 
mended rhizotomy for the relief of gastric crisis. Since that time a 
rather large number of patients have been operated on with varj-mg 
degrees of relief. On the whole the operation has fallen into lU repute. 

*From the department of sorgerj'. University of Michigan Medical School. 
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Theoretically, rhizotomy should give perfect relief but practically the 
results have been disappointing. Many of the operations undoubtedly 
failed because an insufficient number of nerve roots were cut. This 
explanation, however, is not always applicable. Elsberg ^ says : 

I have never seen a good result when the operation was performed for the 
pain of metastatic malignant disease or arthritis of the vertebrae, no matter how 
large the number of roots divided. 

He points out that while nerve root neuralgias, as from direct bony 
or inflammatory pressure, can with almost complete certainty be cured 
by rhizotomy, pain from peripheral lesions may be unchanged and 
suggests that the wide anastomosis of peripheral nerves may account for 
the failures in the latter group. Frazier * has had much the same 
experience. He says: 

Unfortunately, the results of posterior root section for the relief of intractable 
pain have not fulfilled the expectations of the inceptors of the operation; and 
while chronologically pain is the primary indication for rhizotomy, this operation 
has been found to be much more effective in the treatment of spasticity and 
visceral crises, to which it was later extended. 

Not only does rhizotomy frequently fail to afford relief, but there 
are at least two serious disadvantages to the operation. Because of 
the wide overlapping of tlie sensory nerves it is imperative that at least 
three consecutive roots be divided to obtain anesthesia in even a small 
area. It is therefore evident that at least two roots both above and 
below the particular segments that we wish to anesthetize must be 
sectioned. In malignant growths the area of pain is usually large, 
requiring an extensive laminectomy, frequently in these weakened 
patients a hazardous procedure. 

The second objection to rhizotomy is the complete anesthesia that 
inevitably accompanies the complete analgesia. Loss of pain and tem- 
perature sense in no way seriously inconveniences the patient, but the 
additional loss of sensations of touch, motion and position is a definite 
handicap. To overcome this complication every third root may be left 
intact. While this will insure some touch sensation it unfortunately 
will not completely abolish pain. Partial or complete paraplegia and 
incontinence of urine have been described as occasional complications 
of root section. Other operations on the posterior roots, their ganglions, 
or on the peripheral ner\'^es have proved even less satisfactory. 

1. Elsberg, C. A.: Diagnosis and Treatment of Surgical Diseases of the 

Spinal Cord and Its Membranes, Philadelphia, W. B. Saunders Company, 19 , 
p. 153. ^ 

2. Frazier, C. H. : Surgery of the Spine and Spinal Cord, New ^ ork, 
D. Appleton & Co., 1918. p. 629. 
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IXTRACTAIiUi PAIN 


A Still nioiT radical procc-.lurc In relieve the excriiciatitig pain asso- 
ciated with mali.uMiant spinal niciaMases was proposed by Cushing.’ In 
1910 he "tlic tleliberale (ransseclion, either of the entire cord 

or of the i)(»steri(n- c<»lmnns alrajc. cephalad to the lesion,” and in 1916 
peifoinied such an nperaiinn.' I he patient was a woman suffering 
from spinal tuetastases with a ])aralysis below the twelfth thoracic 
segment, lie divi(led the cord in the thoracic region, well above the 
]e.'«iMn, with an entiredy satisiai l<»r_\ re.sult, the patient being practically 
free from j>ai!i mui! the time of her fleath si.\ months later. Such a 
radical operatic»n would. oi course, only be justiliablc when the motor 
function was already lost, hm (iu> operation has been seriously proposed 
in a munher of eases. 


Knowitig'' the <lrawl)acK< and tnicertarnties of the previously advo- 
cated procedures for the relief of intractable pain, we studied with 
growing interest I'razier's tir^t series of chordotomics, based as they 
were on an e.xact Icnowleilge of spinal cord topograph}*. This operation 
was made feasible I»y the work of .several men, particularly Spiller, who 
by clinical observations and e.xperimcntal inve.stigations laid the basis 
for our present knowledge of .sjiinal pathways. 

\’an flehuchi<‘n in IW.S llrst e.xprcs.sed the definite opinion that the 
fibers conveying pain and temperature sensations passed up the cord in 
dowers' tract, although dowers h;ul suggested this in 1879. Others 
supjxirtcfl his \'iews, but no actual proof wtis afforded until Spiller’s® 
fortunate ohsevvaton of a jiatient at the Philadelphia General Hospital 
in August. 1904. 'J'his man had iwactically complete loss of sensation 
for j)ain and temperature in the hover limbs with preservation of tactile 
sensibility, lie was under ohscrvuiion for some months and died in 
lanuarv. 1905. 'I'he necrojisv revealed a solitarv tubercle involving the 
right Gowers’ tract at the c.\trcme lower end of the thoracic cord and 
slightly above this a second solitary tubercle implicating the left tract 
of Gowers. 

This absolute localization of the pain fibers and the evidence that 
no important motor or tactile sensory fibers passed in this tract led 
Spiller in 1911 definitely to propose section of the anterolateral column 
for intractable pain. It had previously been suggested by Schuller 
(1910) as a substitute for section of the posterior roots in cases of 


3. Cushinp, Harvey: The Special Field of Neurological Surgery: Five Years 
Later, Bull. Johns Hopkins Hasp. 21:325 (Nov.) 1910. 

4. Cushing, Harvey: The Special Field of Neurological Surgery After 
Another Interval, Arch. Neurol. & Psychiat. 4:603 (Dec.) 1920. 

5. Spiller, W. G. : The Occasional Clinical Resemblance Between Caries of the 
Vertebrae and Lumbothoracic Syringomyelia, and the Location Within the Spinal 
Cord of the Fibers for the Sensations of Pain and Temperature, Univ. Penn. M. 
Bull. 18:147 (July- Aug.) 1905. 
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gastric crisis. Later observations have convinced Spiller that the fibers 
of pain and temperature sensation lie slightly more mesial in the antero- 
lateral columns than in Gowers’ tract proper.® 

The first operation of chordotomy with division of the pain and 
temperature fibers was performed by Martin at Spiller’s request.’’ The 
patient had a malignant growth in the spinal cord with severe pain in 
the pelvis and lower limbs. The operation was done Jan. 19, 1911, 



Fig. 1. — ^Left anterolateral tract: the arachnoid has been freed, the attachment 
of the dentate ligament divided and the cord rotated; the knife is about to c 
inserted just in front of the reflection of the dentate ligament from the cord. 


both anterolateral columns being divided to a depth of about 2 mm. at 
a point opposite the seventh dorsal vertebra. Pain was much diminished 

6. Spiller, W. G. : Remarks Before the American Neurological Association, 
Arch. Neurol. & Psychiat. 4:575 (Nov.) 1920. 

7. Spiller, W. G., and Martin, Edward: The Treatment of Persistent Pain 
of Organic Origin in the Lower Part of the Body by Division of the Anterolatera 
Column of the Spinal Cord, J. A. M. A. 58:1489 (Maj' 18) 1912. 
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and Spillcr regarded the result as successful when he reexamined the 
patient more than a year later. 

At Spiller’s suggc.'^tion confirmatory experimental work v/as then 
undertaken Ijy Oidwaladcr and Sweet.^ They came to the conclusion 
that sensations of i)ain and temperature were abolished or greatly 
impaired in the dogs in which they divided the anterolateral tracts. 

Rothman carried out similar experimetUs and showed that the sensa- 
tion of pain was carried in the anterior part of the lateral column. Rivers 
and Head proved that although there are two distinct mechanisms for 
the reception of painful stimuli, hotli these systems are grouped together 
in the anterolateral portion.-: of the cord and therefore division of this 
tract on cither side should give analgc.sia. 



Fig. 2. — Spin.'il cord at level of fifth dorsal segment showing portion oi cord 
included in section of .nn amcrolatcral tract 


The second chordotomv with section of an anterolateral column was 
perfonned in 1912 by Beer ® for the relief of pain due to metastases 
from a carcinoma of the cendx. A malignant mass could be felt on 
the right side of the pelvis and tlie patient complained of severe pain on 
the right side in the lumbosacral region and in the right lower extremity . 
Chordotomv at the level of the tenth dorsal vertebra gave complete 
analgesia and loss of cold perception on the right up to a line roughlj 
horizontal with the pubes. While the pain in the back was not relieved, 


8. Cadwalader, \V. E., and Sweet, J. E.: Experimental Work o" 
of the Anterolateral Column of the Spinal Cord, J. A. M- A. 58. (- ay 


1912 . . _ 

9. Beer, Edwin: The Relief of Intractable and P^^istent Pain Due to 
Metastases Pressing on Nerve Plexuses, J. A. M. A. 60:267 (Jan. a) 
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the patient on tlie whole greatly benefited as the most severe pain, 
which had been referred to the leg, did not recur. 

Later the operation was performed by Tietze at Forster’s suggestion 
and by Elsberg, but it did not attract the attention it deserves until 
Frazier^® in 1920 published a series of six cases. The results, except 
in one instance, were satisfactory and in this, the sixth, considerable 
relief was obtained. Since the operation is still comparatively new and 
much is j^et to be learned, particularly in regard to Ae amount or area 
of analgesia obtained by cutting the anterolateral columns at various 
levels and at different depths, we have tliought it advisable to summarize 
briefl)’’ the published cases. An abstract of Frazier’s first series of six 
cases in which chordotomies were perfonned for the relief of pain 
follows. 

SERIES OF SIX CASES 

Case 1 (Frazier). — ^The patient had a sarcoma of the spine with intense pain 
from tlie hips to the knees and cramps in the calf musdes. Complete relief 
followed bilateral chordotomy, 3 mm. deep, at the level of the ninth and the tentli 
thoracic vertebrae. Practically complete loss of pain and thermal sense was 
noted below the level of the first lumbar segment. 

Case 2 (Frazier). — ^The patient had a gunshot wound of the spine with intense 
pain in the left leg. Complete relief followed unilateral chordotomy between the 
fifth and the sixth thoracic vertebrae. 

Case 3 (Frazier). — In a case of carcinoma of the rectum, with severe pain 
in the rectum, the perineum and the thighs, radium treatment had given no relief 
from pain. Bilateral chordotomy, 2.5 mm. deep, between the levels of the ninth 
and the tenth thoracic vertebrae yielded "loss of thermal and pain sensation over 
the buttock, perineum, posterior aspect of the tliigh and below the level of the 
knee” on the right but no loss of the thermal or pain sensations on the left. 
Temporary flaccid paralysis of the left lower extremity disappeared in two weeks. 
The pain in the perineum and rectum was completely relieved in spite of only 
unilateral analgesia. The results were satisfactory four years later. 

Case 4 (Frazier). — ^The patient suffered terrible pain in the gluteal region 
from a sarcoma of the thigh with pelvic metastasis ; this was completely relieved 
by unilateral chordotomy between the seventh and the eighth thoracic vertebrae. 

Case 5 (Frazier). — The patient had pain in both lower extremities, the reult 
of a gunshot wound of the spine. Bilateral chordotomy at the level of the sixth 
thoracic vertebra gave immediate complete loss of pain and temperature 
sensation below the umbilicus. Unfortunately the subsequent history is unavailab e. 

Case 6 (Frazier). — ^The patient had received a shell wound of the pelvis vith 
an injury to the sciatic nerve. There was severe pain in the right leg along £ 
course of the nen^e. A burning and shooting pain was located in the thigh ^om 
a point about 12 inches (30.4 cm.) above the knee to 3 inches (7.6 cm.) abo\e 
tlie midpopliteal space and in the right foot Touch, pain and temperature sen 
sations were completely lost in the distribution of the sciatic nerve. Unilatera 
chordotomy' between the sixth and the seventh thoracic vertebrae was perform 

10. Frazier, C. H. : Section of the Anterolateral Columns of tlie Spinal Cord 
for the Relief of Pain, Arch. Neurol. & Psychiat. 4:137 (Nov.) 1920. 
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There was a diminution of the pain sensation but not complete loss in the leg 
and lower part of the abdomen of the opposite side; the temperature sense was 
impaired over the same area. A paresthesia persisted in the sole of the right foot. 
The pain was relieved for three montlis and then returned, necessitating further 
surgical intervention (case 7, Frazier and Spiller), 

Shortly after the publication of this article Leighton performed 
four chordotomies, tliree for the relief of tabetic pain and one for pain 
resulting from spinal cord injury. His patients were much benefited. 

Case 1 (Leighton). — ^Thc patient had typical tabes dorsalis, with pain involv- 
ing the right side of the trunk and the right leg. Unilateral chordotomy at about 
the level of the sixth thoracic vertebra gave complete relief from the pain in the 
right leg. 

Case 2 (Leighton). — The patient had traumatic myelitis in the lower thoracic 
region, witli landnating pains in both legs and severe pain in the abdomen. 
Bilateral chordotomy after removal of the laminae of the fifth, sixth and seventh 
thoracic vertebrae resulted in relief of pain in both legs and loss of pain and 
temperature sensation below the level of the twelfth thoracic segment. 

Case 3 (Leighton). — The patient had typical tabes dorsalis, with gastric crises 
and pains of lancinating character in botli legs. Bilateral chordotomy between 
the fifth and the sixth thoracic vertebrae gave complete relief from pain in both 
the abdomen and the legs. 

Case 4 (Leighton). — The patient had typical tabes dorsalis, with shooting 
pains in both legs. Bilateral chordotomy after removal of the fifth, the sixth and 
the seventh dorsal laminae gave considerable relief for the four weeks the patient 
was observed. He had occasional pain in the feet and Leighton noted that appar- 
ently all the pain fibers were not di\nded. 

Frazier and Spiller in 1923 reported the following cases, seven 
of which were new, one, case 7, being case 6 in Frazier’s previously 
published series. 

SERIES OF EIGHT CASES 

Case 1 (Frazier and Spiller). — ^Tbe patient had practically complete paralysis 
of both lower extremities, with attacks of excruciating pain in both legs, following 
a wound from a high explosive shell in the third and the fourth lumbar vertebrae. 
Two operations with section of the posterior nerve roots had been performed 
without benefit. Bilateral chordotomy, on the right at the fifth and on the left at 
the sixth thoracic segments, resulted in loss of subjective pain and in a delayed 
pain sense over the right thigh and the right side of the abdomen to the umbilicus, 
and a lost pain sense in the left leg and the left side of the abdomen to about 2 
inches (S cm.) below the umbilicus. The heat and cold sensations were lost 
up to 1 inch (2.5 cm.) above the umbilicus on the right and to about 2 inches (5 
cm.) below on the left. 


11. Leighton, W, E.; Section of the Anterolateral Tract of the Cord for the 
Relief of Intractable Pain Due to Spinal Cord Lesions, Surg. Gynec. Obst. 33:246 
(Sept) 1921. 

12. Frazier, C, H., and Spiller, W. G. : Section of the Anterolateral Columns 
of the Spinal Cord (Chordotomy), Arch, Neurol. & Psychiat, 9:1 (Jan.) 1923. 
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■ Case 2 (Frazier and Spiller) The patient suffered agonizing pain, the result 
of a sarcoma of the vertebrae involving the cord at the ninth thoracic segment; 
this was entirely relieved by bilateral chordotomy at the level of the fifth thoracic 
segment. Pain sensation was lost 2 cm. below the umbilicus on the right and 
almost entirely over the left side of the lower part of the abdomen. The thermal 
sensation on the right was lost 10.5 cm, and on the left 7.5 cm. above the 
umbilicus. 


Case 3 (Frazier and Spiller) .—The patient had metastatic carcinoma from the 
breast to the fifth lumbar vertebra and both iliac bones, with sharp, shooting pains 
in the legs and the pelvic organs. Bilateral chordotomy at about the fifth thor- 
acic segment gave complete relief from the pain and great disturbance of the 
temperature sensation to a level slightly above the umbilicus. The pain sensation 
was largely lost over the same area. There was loss of dorsal flexion in both 
ankles and toes. 


Case 4 (Frazier and Spiller). — ^The patient had severe pain of unknown origin 
in the left side of the rectum and vagina and in the sole of the left foot Section 
of the right anterolateral column at the level of the fourth and tlie fifth thoracic 
spinous processes gave complete relief of pain on the left side. There was a 
temporary paralysis of the right lower limb which remained as a permanent 
though slight weakness. Later, pain developed in the right side of the bladder 
and vagina, in the right thumb, heel and posterior half of the outer border of the 
right foot, necessitating chordotomy on the opposite side. 


Case 5 (Frazier and Spiller). — ^The patient had carcinoma of the rectum, which 
had been treated with radium and later by a modified Kraske’s operatioa Severe 
pain was referred to the sacrum and both legs, particularly the right. Three 
grains (0.19 Gm.) of morphine was required daily. Bilateral chordotomy at the 
level of the tenth and the eleventh thoracic vertebrae gave complete relief of 
pain. The areas of analgesia were not tested. The patient died from meningitis 
on the thirteenth day, probably as the result of severe cachexia. 


Case 6 (Frazier and Spiller). — ^The patient had carcinoma of the cecum, which 
was removed, but later an inoperable recurrence was found. Practically constant 
pain was felt in the right lower limb, which was aggravated by walking. Morphine 
was not tolerated. A left anterolateral chordotomy between the fourth and the 
fifth thoracic vertebrae gave relief from the pain in the right leg. Two weeks 
later the pain sensation was markedly impaired, but not completely lost in the 
whole right lower limb. It was somewhat affected up to the level of the 
umbilicus. The thermal sensation was lost over the entire right leg and ice was 
called a pin prick to 2 or 3 inches (.5 or 7.6 cm.)' above the umbilicus. Very ot 
water was sometimes recognized in the same area. Six weeks after the opera 
tion the area of impaired sensation had diminished, pain, heat and cold eing 
recognized immediately above Poupart’s ligament. Later the pain sensation 
returned about the knee, but was lost above this point to the inguinal region. 

Case 7 (Frazier and Spiller; case 6 in Frazier series). — ^The patiwt had 
suffered an injury to the sciatic nerve from a high explosive shell. 
chordotomy relieved the pain in the thigh and foot for two or three mont s. 
returned only in the foot. Two years later pain in the foot was still present, vi^ 
impaired pain perception to about 1 inch (2.5 cm.) above the umbilicus. * 
unilateral chordotomy was performed at the level of the fifth thoracic 
one vertebra higher than at the previous operation. The pain in the foot 
completely relieved although there was a complete loss of pain and therma 
tion up to about 1 inch above the umbilicus on the right; then pain in t e 
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The pain was so severe and morphine gave such little relief that section of the 
anterolateral tracts was deemed advisable. 

March 5, 1921, the posterior spinous processes and the laminae of the fifth and 
sixth dorsal vertebrae were removed. The right anterolateral tract was sectioned 
at the level of the fifth spinous process to a depth of 2.5 mm. at file pial reflection 
of the dentate ligament and the indsion carried forw'ard and outward to the exit 
of an anterior root. A similar incision was attempted on the left, but the dentate 



Fig. 3 (case 1). — Areas of lost pain aiid temperature and diminished 
da.vs after bilateral chordotomy at level of eighth dorsal segment; depth, • 
on right, slightly less on left; complete relief of pain. 

ligament slipped from tlie forceps and our impression was that the incision d' 

not extend as deeply as on the right. ^ u i « was 

Complete relief of the pain in the lumbar region, the pelvis and 
noted immediately after the operation. A neurologic examination by Dr. 
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legs by pinching or pin prick. At times when she complained of pain, sterile 
hypodermic injections gave immediate relief. On other occasions, codeine appeared 
necessary. A report from her physician about five weeks after the operation 
stated that the pain had apparently returned in the left leg and hip, altliough in 
less degree. Catheterization was still necessary. Two and one-half months after 
the operation she was reported as complaining of much pain which appeared to be 
genuine, although the report added that there was no question but that she 
exaggerated her symptoms a great deal. 

This, our first case, was encouraging but raised the question whetlier 
cutting the cord to a depth of 2.5 mm. was always sufficient. How 
much actual permanent relief of pain was obtained is difficult of deter- 
mination. Certainly at first the relief was complete and for the t^venty- 
four postoperative days she was in the hospital no pain could be elicited . 
by the usual procedures. Morphine was not actually required to relieve 
the pain of which she regularly complained, although before operation 
this drug had given little relief. Whether the development of metasta- 
ses at a higher level might have caused the pain referred to by her home 
physician is uncertain. 

Case 2, — Mrs. N. A., aged SO, had extreme pain in tlie lumbar region and 
pelvis due to carcinoma of the uterus ; a bilateral chordotomy was performed. 

The present trouble began about four months before admission with severe 
uterine hemorrhages associated with lain in the left lower quadrant and cramps 
across the lower part of the abdomen. Curettage showed far advanced medullary 
squamous cell carcinoma of the cervix. Radical cauterization with an actual 
cautery was performed. 

Physical and neurologic examinations were negative with the exception of the 
extensive carcinoma of the cervix with pelvic metastases; cautery and roentgen- 
ray therapy gave no relief from pain. Morphine gave only partial relief. 
Chordotomy was advised. 

July 27, 1921, the posterior spinous processes and laminae of the fifth, the sixth 
and the seventh dorsal vertebrae were removed. The right and the left antero- 
lateral tracts were sectioned at the level of the fifth spinous process, approximately 
the eighth dorsal segment. The incision in each column commenced at tlie attach- 
ment of the dentate ligament to the cord and passed directly toward the center of 
the cord to a depth of 3.5 mm. The knife point was then carried fonvard to the 
exit of an anterior root. 

She was relieved of all pain in the lumbar region and pelvis immediately after 
the operation. Morphine was discontinued. Codeine was required for the first 
three days because of pain in the shoulders. Catheterization was necessary unti 
the patient was able to sit up on the nindi day. All motion in the lower extremi 
ties was lost for the first two days, then motion of the toes returned. Stren^ 
gradually returned and on the tenth day tlie patient could move her ® ® 
was walking well on the nineteenth day. This temporary paralj'sis lyas pro a J 
due to the fact that the cord incision was made slightly too far posteriorly. 

Neurologic examination by Dr. Camp, August 18, showed no atrop } or 
deformity of the legs ; no paralysis ; the patellar, Achilles and plantar ® 
normal on both sides. Tactile, vibratory motion and position and lora iza lo^ 
senses were normal throughout the trunk and the lower extremities. f 
and temperature senses were lost up to about 1 inch (2.5 cm.) below the um 1 1 
on both sides (in the tenth dorsal segment). 
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Although this patient had a far advanced carcinoma of the cervix which had 
been estimated would cause death in two or three montlis, her general condition 
improved so greatly after the terrible pains were relieved that she returned 
after four months asking for her previous position in the linen department. Slie 
was sleeping well, had an excellent appetite and had gained weight. She was 
free from pain until her death a year and nine months after the bilateral chor- 
dotomy was performed. She had no weakness in the legs and was able to go 
about as she pleased. The pain and temperature sensations remained lost in botli 
lower extremities. Her daughter reported after the mother’s death that her 
mother had "felt fine” and that her phj'sician said that this was the only case of 
uterine carcinoma in his experience which had not required opiates, at least toward 
the end. 

Case 3. — F. P., a man, aged 66, had pelvic metastasis from a carcinoma of the 
prostate; a bilateral chordotomy was performed. 

Three years before admission the patient had a prostate operation bccau.^c of 
retention. One year before admission he began to have severe pain in the lower 
part of the abdomen and pelvis, which had grown progressivelj' worse. For 
several weeks morphine in large doses had been required. 

Physical and neurologic examinations were negative except for an irregular 
hard mass occupying the region of the prostate. This tumor was about the size of 
an orange and was tender on palpation. Slightly to the left of the fourth lumbar 
vertebra was a very tender mass about the size of a small orange. A diagnosis of 
far advanced carcinoma of the prostate with pelvic extension was made. The 
pain was excruciating and not relieved by morphine. 

Jan. 9, 1922, the posterior spinous processes of the third, the fourth and the fifth 
vertebrae and the laminae of the fourtli dorsal vertebra were removed. A 
bilateral cliordotomy was performed at the level of the sixth dorsal segment. 
The incision was carried to a depth of 3 mm. and e.xtended from the dentate 
ligament to the anterior roots. 

The postoperative convalescence was satisfactory except that catheterization 
was necessary. The patient complained of no pain below the umbilicus but did 
have pain in the chest. On the sixth day, he complained of severe pain in the 
bladder region although the skin up to the umbilicus was insensitive to pain. The 
urethra also was analgesic. The pain in the bladder was not constant and after a 
few days was only occasionally referred to. 

Neurologic examination by Dr. Camp, January 23, showed normal motion in 
botli extremities; deep and superficial reflexes unchanged; senses of motion, 
position, toucli and vibration normal, and the pain and temperature senses lost 
below the area supplied by the tenth dorsal segment. lie could not distincuisn 
between a pin point and a pin head below the twelfth segment. Tenderness in th.c 
tendon of Achilles was lost on both sides. 

He did not require morphine after the operation to relieve his first complniiit, 
pain in the lower part of the abdomen and the pelvis. However, pain in 7;;v 
chest gradually increased and morphine was finally required to give relief. i'!:e 
latter pain was probably due to metastasis high up in the dorsal spine altho-je!) 
this was never proved. The pain referred to the bladder may have been, as t:;f 
examining neurologist thought, complained of simply to get morpl’.ine, .' s tr.e 
habit had already been acquired. The exact mcch.-inism of painful sen':.:i n in 
the bladder is not yet known, and it is possible that pain in this regi n c-nM 
have been present although the overlying integument was completely .-.nali'esic 

Case 4. — Mrs. E. X.. aged 35, suffered pain in the lower part of th.e ;.bf n..:.. 
in the pelvis and the lumbosacral region caused by advanced cr.rcin'''n'.;: o: t; e 
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uterus. A bilateral chordotomy was performed, and a second chordotomy was 
necessary. 

She first noticed the present trouble one year before admission when she had a 
sudden uterine hemorrhage. A diagnosis of carcinoma of the cervix involving the 
body of the uterus was made at another hospital and seven radium treatments 
were administered. A biopsy here showed squamous cell carcinoma of the cervix. 
She has received roentgen-ray therapy and cauterization. For five months she 
had had pains in the lower part of the abdomen, in the pelvis, in the lumbosacral 
region and down the thighs. These pains were now severe and practically continu- 
ous. Large doses of morphine had been frequently required, but these were giving 
little relief at present. 

Physical examination showed marked tenderness in both lower quadrants. The 
vaginal lymphatic glands on the right were enlarged and the neighboring vessels 
were greatly engorged. The cervix was replaced by a large cauliflower mass of 
malignant tissue which practically filled the vagina. The uterus was enlarged and 
fixed. The pelvis was filled with metastases. The right leg was markedly 
swollen with an induration about the ankle and calf. The left leg and ankle 
were somewhat swollen. Neurologic examination was negative. 

Nov. 16, 1921, the posterior spinous processes and laminae of the second, .third 
and foruth dorsal vertebrae were removed. The anterolateral columns at the 
level of the third spinous process (between the fifth and sixth dorsal segments) 
were sectioned to a depth of 2.5 mm., the incision extending from the attachment 
of the dentate ligament forward to the emergence of an anterior root. The arach- 
noid was much thickened and adherent to the dura and the cord, probably from 
some previous infection. 

The patient was free from pain in the lower part of the abdomen and the 
lumbosacral region for ten days. Examination the day after operation showed 
complete loss of pain and temperature senses below the level of the eighth dorsal 
segment. Three days later a neurologic examination by Dr. Camp showed the 
pain and temperature senses returned but there was considerable delay in percep- 
tion and summation phenomena were marked in the area in which they were 
previously lost. Tactile and vibratory sensation and sense of motion and position 
were normal. The umbilical reflex was normal. The knee and Achilles reflexes 
were increased. Plantar irritation caused flexion of the toes on each side. Bladder 
control was normal. 

Ten days after operation she again complained of pain, principally in the right 
groin and leg. This pain grew progressively worse and became almost continuous ; 
the glands in the groin had enlarged and become hot and tender. By January 10 
the pain was much more severe and difficult to control with morphine. A second 
chordotomy was considered advisable. 

Jan. 13, 1922, the posterior spinous processes and laminae of the seventh 
cervical and first dorsal vertebrae were removed. Bilateral sections of the antero- 
lateral tracts at the level of the first dorsal spinous process were made to a dcp 
of 3.5 mm. Each incision extended from the dentate ligament forward to t e 
exit of an anterior root. Complete relief from pain in the groin and leg was 
experienced. Neurologic examination showed complete loss of pain and tempera 
ture sensations below the area supplied by the sixth dorsal segment on rach si c. 
Tactile sensation was unimpaired. The senses of motion and position were 
preseri'ed. The vibratory^ sense was normal. Reflexes were unchanged. ^ 
ness in tlie Achilles tendons was lost on both sides; motion w'as preserved. ® 

bladder control was normal at first, but the patient became incontinent as e 
disease progressed. 



PEET—COXTROL OF IXTRACTABLE PAIX 


it37 


The temporan* loss of pain and temperature sense v.'ith temporarv 
relief of pain must be attributed to trauma without actual division of 
the spinal fibers involved. Such an injury just mesial to the tracts 
actually cut seems not only possible but probable. 


Case 5. — ^llrs. J. B., aged 48, suffered from pain in the pelvis and legs caused 
by carcinoma of the uterus ; a bilateral chordotomy was performed. 

Two years before admission she first noticed a profuse, foul, yellowish vaginal 
discharge, occasionally blood stained. There had been frequenej' of ur:nri;i''n. 
with occasional burning in the bladder region. For tlie last year, tl:crc liad been 
severe bearing down pains with occasional sharp pain in the left lower quadrant 
and in the legs. In Septembr, 1921, the cenidx and uterus were cauterized. Since 
then the pain in the pelvis and legs had grown steadily worse. Morphine in cnc- 
half grain (0.03 Gm.) doses was now required to obtain any relief. 

Physical examination showed an anemic, emaciated woman in much pain. 
The pelvis and lower part of the abdomen were filled with a hard, tender ma's. 
The cervix showed a large ulcerating crater. Xeurologic e.\amination was nega- 
tive. Although tills patient was in a poor condition, we felt that ch.ordotoniy 
was justifiable since morphine was failing to give relief. 

Feb. 16, 1922, tlie spinous processes and laminae of the third and fourth 
dorsal vertebrae were removed. A bilateral section of the anterolateral tract.-; a: 
the level of the third spinous process (between the fifth and sixth dorsal se.gmcntsl 
to a deptli of 3 mm. extended from tlie dentate ligament anteriorly to the vxt: 
of tlie anterior roots. 

Pain was immediately and completely relieved in the lower part of the abd i- 
men, pelvis and legs. Morphine was required, however, to relieve pain between 
the shoulders. One-quarter grain (0.016 Gm.1 doses were sufficient whereas one- 
half grain (0.03 Gm.) had not given relief for the previous leg pains. A ncitro- 
logic examination revealed that all motion was present but that the leg movements 
were weaker; patellar and .Achilles reflexes were present: plantar irritation 
caused flexion of the toes; tactile, vibratoiy. motion and position senses were 
normal. There was loss of pain and temperature senses below a line 2 inches 
(5 cm.) below the umbilicus. 

The deep part of the incision became infected, possibly throuah th.e blo'^d 
stream from the large abscess in the carcinomatous mass in the pelvis disclo'-cd 
at necropsy. The patient died from meningitis on the eighth p'?stopcrativc day. 
Necropsy showed far adranced medullary squamous cell carcinr-ma of the cervi.x 
uteri, which was infiltrating the bladder wall, the upper third of tlie v.'-.eiT’-.a :.nd 
all the tissues in the right side of the pelvis. Tlie sacro-iliac plexus w.ac iu;V;;r.itv.I 
and surrounded by carcinoma. There were multiple metast.ascs to die pel'. :c 
lymph nodes with neoplastic infiltration of the right p.'oas muscle; .a large 
in the carcinomatous m.iss on the right: early vegetative mitr.al end-’carih.'.i' ..nl 
meningitis. 

Case 6. — Mrs. C. B.. a.ged 48. had pain due to metastr^sis of a brc:.;t carci'- 
to the fourth lumbar vertebra: a bihateral ch.ordotomy wr.s perform.-;, 1 
repeated because of failure to relieve pain at the fir.st operatirn. 

The patient had had a radical amputation of the left br<..-.«; ci.’r.t ir. r.;' - 
before admission. .A month later, pain developed in tl-.c rich.t r.ip .-.r.-! 
steadily grew worse and for the last five weeks had been contir.':'::;, c r.u'-.'rz t. • 
patient to bed. It was described as sharp and slm-oting in t’;:-' rtr'.t r.-p :: ; :• 
a severe burning in th.e righ.t leg. Recently. 5ho.:^t:nc pams hr.d rcrr.rre! t”. 
legs. Morphine had given little relief. The patient h.ad I's: 2* p ' 1 


) 
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in the last six weeks. Roentgen-ray examination showed destruction of tlie right 
lower portion of the fourth lumbar vertebra, evidently from a metastatic growth. 

The patient was emaciated, and held the back more or less rigidly because of 
extreme pain in the lumbar region on motion. The liver was definitely enlarged, 
- hard and sensitive. The lower part of the spine was tender on pressure. There 
was some enlargement of the sacrum which was very sensitive. There was 
marked enlargement of the trochanter of the right femur. Neurologic examination 
was negative except for marked hyperesthesia of the right leg. Touching both 
legs with a piece of cotton gave the sensation of cold. 

Sept. 9, 1922, the posterior spinous processes and laminae of the third, fourth 
and fifth dorsal vertebrae were removed. Bilateral section of the anterolateral 
tracts at the level of the fourth spinous process (seventh dorsal segment) was 
made to a depth of 3 mm. This incision extended from the dentate ligament to the 
emergence of an anterior root. 

No relief was experienced, the pain in the hip and leg remaining unchanged. 
Neurologic examination showed normal tactile, vibratory, motion and position 
senses. The pain and temperature senses were lost only in the distribution of the 
great sciatic nerve on each side. Outside these areas there was no appreciable 
disturbance in recognition of temperature changes nor in the reception of painful 
stimuli. The deep and superficial reflexes were unchanged. There was no 
paralysis. Bladder control was normal. 

No other explanation was suggested for failure to produce analgesia and 
thermanesthesia to a much higher level than the possibility that the spinal cord in 
this patient was slightly larger than the average and the pain and temperature 
fibers lay more than 3 mm. from the surface. We now believe that the incision 
should have been extended mesially through the anterior root. 

Not disheartened by the previous failure, the patient begged for a second 
operation in the hope that she might obtain relief. It was decided to divide the 
cord to a greater depth, even though motor weakness resulted as this seemed 
preferable to her present condition. September 25, the posterior spinous processes 
and the laminae of the sixth and seventh dorsal vertebrae were ' removed, and 
bilateral division of the anterolateral tracts was made at the ninth dorsal segment. 
On the left, the section extended from just posterior to tlie dentate ligament 
forward to the exit of an anterior root and to a depth of 4 mm. A similar 
incision, but to a depth of 3.S mm., was made on the right. 

The pain in the hip and legs ^vas completely relieved. Catheterization was 
necessary except when micturition was involuntary. Tactile, vibratory, motion 
and position senses were normal. Pain and temperature senses were lost on the 
right below a line approximately 2 inches (5 cm.) below the umbilicus (betweM 
the areas supplied by the tenth and the eleventh dorsal segments). On the le t, 
analgesia and thermanesthesia were present below the eleventh dorsal distribution. 
There was complete motor paralysis in both legs until the eleventh day when some 
motion returned. The patellar reflexes were absent. 

Three das'S after operation, the metastatic areas on the sacrum and grea 
trochanter were broken down, forming deep ulcers, which, however, were non 
painful. Altliough comfortable and relieved of all pain except for a new com 
plaint, pain in the jaw, she failed rapidly and died the twelfth day postoperative. 

Necropsy showed metastatic adenocarcinoma from the breast to the iver, 
the mediastinal, bronchial, suprapancreatic and retroperitoneal lymph no es, 
the suprarenals, the lumbar vertebrae, sacrum and femur; a primary medu W 
squamous cell carcinoma in erosion of the cervix; multiple leiomyomas o 
uterus ; papilliferous adenoma of the left kidney ; multiple emboli and hcmorr lagi 
infarctions of tlie lung, and subacute spinal pachjTneningitis. 



I 


rj.irni !\ux 


* ■' ' - i :'.t !•; ;V.< !.‘r \\v pjojialilv wnuM 

c V. • ; I 1*5 {'*.! - «-!'[■, j'.fftijc. llu‘ ;u<'r<*|>-y, liow- 

r \vc 

r l?:.- .’tV.lmt’.’iJt nil It;!*'!-' st> far 

■ ‘ > ;• h. :u\. havr ra:rir<i th»' Inci'-ion 

. r : V .. a;? r<t'it at tlit: 

• •. ! j;. vf ..' {tially «if,!niyfrj all Ihc 

• '■ r :■ >. ■<- \;i;v iij > irr, rvrJi at the 


!: <- !> i'>. , Jr,* ti, .1 

.. ! i-j; ,ri; .'..jiu v„j>. 


• !‘tr- *r. ‘r . ( >!:r \f,,r lit'furc 

,* ; -(..'r ; i • .'1 <rj; • Tbr 

•■r .• ■ ■ •■••..t'.r ; ;:.r Jr,* J.-wer Ji.ift <il 

;■ ..r.>!r; , ■; (■ J-.*'. v.as 

", .’r.; tl.r Jr*; J.- Ji.-,,! 

*■■'’, r.' *. '■ .’.r i‘ •' Js.*'! !>rc:) 

' ; !r r '■ r . . !,-r;) • , r •.'•riifi.t'.iii'*: tl:.’!! 

l ! ' J.-. ;* •Jr**;,* ;*.,*,r '*illy >'* < rfl'.ff. 


i f t r r 


r[ jn*;. rvjilrfiily in {;rr.al 

f *1 I*,>| Sl*^**!****'** 

. T.hr h-ft !ci: 

: ;n.„5 'll.r t':; 

1 !: of .\rhillcs 

<.;■ t!,r f --- 1 n pi 

..mar irritation. 

..Mr ’i i‘,r vibr.i!"' 

iry !.c!i'.c in the 

n; ..!1 t!:r !)! , 

•.'rment'. of the 

5t< m .i {.!!'. 

Wire felt t!i>r* 


i’ ' * 'r .. J • f 


- ' •r' •. •:*. •; • r*r *• • 1 f'.r t-rM'.C 5 tl tHC 

y.f'f * :'i. tW' r,.t t *• ' % j!; ,»!! •»!■.*' sii 'Vriririit'. the 

‘ '■ '■ 'i. ' if ' •> {•!!'. v.irt; frit t!i>r* 

'.■•1 •.’.."rt •' ..t •’ r . Jr . • ;; r {fj; a pjn JriilJt, 

j‘r .-ii'r . ' r'.r J...!’,, *. J. - J. ..* • I-.'^'r-.r frii'.'VrrJ J(y a 

•- V ;m !f, Jr J iJ;.* •.-...* v,:'.;; !!•.*• j»!I HtaJer- !.itj>!irur that tJjc 

V,.* ;. * • ■ tJ..." tj-.r (r. tn tJ’.f maltfjriaiicy at any 

v:;.r IJr: t a V..* ; . • I’.j!!:; reran: lier ami laitwin.sj that it 

•: fit !.r; -Jr*-*, v.'n'.iJd have frit that «iiK-ration 

i'r’., J!. 5 . nv.v.ri,;. *.*..,* j*rrsr.jn;r*l, v. iiJi rcrn >val of tiie J^'>^tc^ior 

;:<■ r**r* ;!;r "rt-* ;-.*!, thiji! a;;! fi'isnii vertebrae aial of tin* laminae of 

t 3 r- tJnr'! >1 .'-..J ".rttebra yrc!:>.:j of th** aritrroJatrr.al tract to a (Jrj)!!} of 2,5 rnm. 
< :i the smn « tl.e Jrft v...* m.nle. 

J^J.r V...' !!;•.!!•,' '!:..tr!y ar.'J c* ni'ihtrlv rrJieverl of the tcrrilrlc pain in the lower 
:!;•!*: Ire. th:.t refc-rjfl i>» ti<e amjmiated let;, hut hail cunsitlerablc pain 
!!! the ihr-t ‘liere v.a* t-.mj>!rtr Jr,**, of pain ami trmp-ratnrc sen«aiions on the 
lifi'.i 'i-Je <I,.v.:;v.artl fri-m a line almu 2 inehc': (5 cm.) below the timhilicuR 
(;. 5 tj>ri->,i!!:..trly the tlcMiulr ih.r'al levi-l). On tlie left, there was marheil impair- 
ir.er:t in t'm- rreoemt!'*!! of jiamfni rtimnli but not a complete loss, 'I’hc tempera- 
tnre 'rno* \i.-ir 5 ,.*< brlow tlie twelfth dorsal level on the left. Tactile sensations 
wtre iiormrtl ihr**'.mh..nt. 'Ihe moti'>n was the same as before operation. The 
riyht jtatellar rcfi<->: wa- nujmal. Catheterisation was necessary except when the 
jiatieiit hail ijivo'imt.iry miciiirition. She had had a .'eptic temperature for some 
time before oj« ration. After cbordotuiny the fever remained alront as Ircfore for 
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several days; the incision then appeared infected for the first time. No attempt 
at healing was in evidence when the superficial part of the wound was opened. 
No symptoms of meningitis developed but death took place on the eleventh day 
postoperative. Necropsy showed a fibrinopurulent meningitis ; multiple infarcts of 
the brain; multiple metastases of an alveolar round cell sarcoma in the cranial 
bones, dura mater, lungs, pleura, mediastinum, heart muscle, bronchial and retro- 
peritoneal lymph nodes. 

It is questionable whether this death was due to the beginning 
meningitis. There were no meningeal symptoms and adequate cause 
for death from metastases was evident. Operation probably hastened 
the end, but did make the last few days more comfortable. 

Case 8. — R. H., a man, aged 40, had pain due to spinal metastasis from adeno- 
carcinoma of the bronchus ; a bilateral chordotomy was performed. 

His present trouble started a year ago with pain in the right hip. This 
gradually extended down posterior to the right thigh and calf and was made 
worse when the patient moved or bent forward. Flexion of the leg gave relief. 
Six months later, he developed a similar pain in the left thigh and leg. The 
pain now was practically constant; he took as much as 3 grains (0.19 Gm.) of 
morphine at a time. 

Physical examination was essentially negative except for atrophy of the right 
lower extremity. Neurologic examination showed increased patellar and Achilles 
reflexes ; an abortive ankle clonus on both sides ; no sensory changes. Roentgen- 
ray examination showed metastases in the fifth lumbar vertebra, in the upper 
portion of the sacrum and in the region of the left sacro-iliac joint. A dense 
mass was also seen at the hilum of' the left lung. 

The pain was severe in, both legs, morphine giving only partial relief. Some 
pain was felt in the chest. Deep roentgen-ray therapy to the chest and lumbo- 
sacral region failed to give any relief. Accordingly, chordotomy was advised. 

May 28, 1923, a laminectomy was performed with removal of the posterior 
spinous processes and laminae of the fourth and fifth dorsal vertebrae. Verj' 
extensive adhesions between the pia and the arachnoid and to a somewhat less 
extent to the dura, were found. The spinal cord was yellowish and very stiff as 
if infiltrated, making rotation difficult. The arachnoid could not be separated 
from the pia; neither could the attachment of the dentate ligament to the cord 
be exactly determined. The anterior and posterior nerve roots were adherent to 
the pia, making it almost impossible in the mass of adhesions to distinguish their 
exact points of emergence. The knife was inserted at a point approximately hal - 
way between what was considered the points of emergence of the anterior and t e 
posterior roots. The incision was carried to a depth of 3 mm. and forward to t e 
exit of an anterior root. A similar section of the cord was performed on t e 
opposite side. 

Following the operation the patient was completely relieved of pain in 
legs but complained of considerable pain in the chest. This increased in seventj 
for a time, requiring daily doses of morphine. The chest pain practically disap 
peared about three weeks after the operation but recurred later, requiring frequen 
h 3 T)odermic injections. Neurologic examination showed complete loss of of 
pain and temperature senses up to the level of the eleventh dorsal segmen . 
Motor function in both legs was completely lost at first but gradually returne so 
that he was able to get into a wheel chair four weeks later ; however, he never go 
back sufficient strength to walk. The knee and tendon of Achilles reflexes ucro 
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markedly increased as before the operation. Tenderness in the Achilles tendon 
was lost. There was no change in the tactile, vibraton-, motion or position senses. 
The patient had been catheterized before operation and this had to be continued. 
He gradually grew weaker and died, July 7. Necropsy disclosed a primary medul- 
lary adenocarcinoma of the bronchus of the upper lobe of the left lung. There 
were metastases throughout the left lung and in the bronchial, mediastinal, lower 
cervical, prevertebral and retroperitoneal Ij-mph nodes, in the right lung, liver, 
lower lumbar vertebrae and sacrum. 

While chordotomy gave this man complete relief from unbearable 
pain in the legs, it should not have resulted in the motor weakness noted. 
Possibly this motor loss would have disappeared had the patient survived 
for. a longer period. He was confined to bed before the operation so 
was not, in his opinion, made worse by the paralysis of the legs. As the 
exact location of the dentate ligament could not be determined, it is 
probable that the incision was made too far posteriorly. 

Case 9. — S. R., a man, aged 24, had traumatic sciatic neuralgia associated with 
partial avulsion of the lumbosacral plexus ; a unilateral chordotomy was performed. 

The patient was well until two months before admission when he was run 
over by a farm tractor. The right hip was dislocated but no other injurj- to 
the soft parts or bone was discernible. The dislocation of the hip was immedi- 
ately reduced but he had been unable to walk since because of e.xcruciating pain 
on movement of the right leg. This developed three or four days after the 
accident and was described as a constant, severe burning, associated with sharp, 
stabbing pains. It was confined to the lower right leg and foot. The latter was 
so hypersensitive that he could not bear the weight of a sheet on it. Touching 
the foot markedly aggra^'ated tlie pain. 

Phj^sical and neurologic examinations were negative except that there was some 
atrophy of the glutei muscles and the right great trochanter was more promi- 
nent than the left ; there was some limitation on extension of the right hip ; there 
were atrophj' of the muscles of the right lower leg and atrophic changes in tlie 
skin on the dorsum of the right foot. Pain in the popliteal space prevented 
extension of the right leg at the knee beyond a right angle. The calf of tlie leg 
was tender on pressure and all the voluntary movements at the right ankle joint 
were lost. He could not extend the toes but could flex them slightly. Some sense 
of motion and irosition tvas lost in the right toes. N tuning fork vibration caused 
pain in the right ankle. Tenderness on pressure was noted along tlie right sciatic 
nerve. There was lost tactile sensation and marked hyperalgesia over the dorsum 
of the right foot and the external surface of tlie leg about halfway to the k-nce. 
The tactile sense was practically lost and the pain sense was greatly increase! 
over the plantar surface of the right foot (fig. 5). There was evident continu'ais 
pain in the right foot and tlie lower leg. 

This boy was completely incapacitated and suffering severely. Morphine giver, 
hypodermically had been required three or four times daily. The lesion evidently 
was in the lumbosacral ple.xus. -A unilateral chordotomy seemed to offer ti;e Ijc-t 
measure of relief. The only alternative procedure was rhizotomy of the poster: ;r 
roots. 
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several days; the incision then appeared infected for the first time. No attempt 
at healing was in evidence when the superficial part of the wound was opened. 
No symptoms of meningitis developed but death took place on the eleventh day 
postoperative. Necropsy showed a fibrinopurulent meningitis; multiple infarcts of 
the brain ; multiple metastases of an alveolar round cell sarcoma in the cranial 
bones, dura mater, lungs, pleura, mediastinum, heart muscle, bronchial and retro- 
peritoneal lymph nodes. 

It is questionable whether this death was due to the beginning 
meningitis. There were no meningeal symptoms and adequate cause 
for death from metastases was evident. Operation probably ha.stened 
the end, but did make the last few days more comfortable. 

Case 8. — R. H., a man, aged 40, had pain due to spinal metastasis from adeno- 
carcinoma of the bronchus ; a bilateral chordotomy was performed. 

His present trouble started a year ago with pain in the right hip. This 
gradually extended down posterior to the right thigh and calf and was made 
worse when the patient moved or bent forward. Flexion of the leg gave relief. 
Six months later, he developed a similar pain in the left thigh and leg. The 
pain now was practically constant; he took as much as 3 grains (0.19 Gm.) of 
morphine at a time. 

Physical examination was essentially negative except for atrophy of the right 
lower extremity. Neurologic examination showed increased patellar and Achilles 
reflexes ; an abortivei ankle clonus on both sides ; no sensory changes. Roentgen- 
ray examination showed metastases in the fifth lumbar vertebra, in the upper 
portion of the sacrum and in the region of the left sacro-iliac joint. A dense 
mass was also seen at the hilum of the left lung. 

The pain was severe in, both legs, morphine giving only partial relief. Some 
pain was felt in the chest. Deep roentgen-ray therapy to the chest and lumbo- 
sacral region failed to give any relief. Accordingly, chordotomy was advised. 

May 28, 1923, a laminectomy Avas performed with removal of the posterior 
spinous processes and laminae of the fourth and fifth dorsal vertebrae. Very 
extensive adhesions between the pia and the arachnoid and to a somewhat less 
extent to the dura, were found. The spinal cord was yellowish and very stiff as 
if infiltrated, making rotation difficult. The arachnoid could not be separated 
from the pia; neither could the attachment of the dentate ligament to the cord 
be exactly determined. The anterior and posterior nerve roots were adherent to 
the pia, making it almost impossible in the mass of adhesions to distinguish their 
exact points of emergence. The knife was inserted at a point approximately half- 
way between what was considered the points of emergence of the anterior and the 
posterior roots. The incision was carried to a depth of 3 mm. and forward to the 
exit of an anterior root. A similar section of the cord was performed on the 
opposite side. 

Following the operation the patient was completely relieved of pain in the 
legs but complained of considerable pain in the chest. This increased in severity 
for a time, requiring daily doses of morphine. The chest pain practically disap- 
peared about three weeks after the operation but recurred later, requiring frequent 
hypodermic injections. Neurologic examination showed complete loss of both 
pain and temperature senses up to the level of the eleventh dorsal segment. 
Motor function in both legs was completely lost at first but gradually returned so 
that he was able to get into a wheel chair four weeks later; however, he never got 
back sufficient strength to walk. The knee and tendon of Achilles reflexes were 
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markedly increased as before the operation. Tenderness in the Achilles tendon 
was lost. There v,-as no change in the tactile, vibrator/, motion or position senses 
The patient had been catheterized before operation and this had to be continued. 
He gradually grew weaker and died, July 7, Necropsy disclosed a primary medul- 
lary adenocarcinoma of the bronchus of the upper lobe of the left lung. Tiicrc 
were metastases throughout the left lung and in the bronchial, mediastinal, lower 
cervical, prevertebral and retroperitoneal lymph nodes, in the right lung, liver, 
lower lumbar vertebrae and sacrum. 


WTiile chordotomy gave this man complete relief from unbearable 
pain in the legs, it should not have resulted in the motor weakness noted. 
Possibly this motor loss would have disappeared had the patient survived 
for. a longer period. He was confined to bed before the operation so 
was not, in his opinion, nmde worse by the paralysis of the legs. .As the 
exact location of the dentate ligament could not be determined, it is 
probable that the incision was made too far posteriorly. 


Case 9. — S. R., a man, aged 24, had traumatic sciatic neuralgia associated witi; 
partial avulsion of the lumbosacral plexus ; a unilateral chordotomy was performed. 

The patient was well until two months before admission when he was run 
over by a farm tractor. The right hip was dislocated but no other injury to 
the soft parts or bone was discernible. The dislocation of the hip was immedi- 
ately reduced but he had been unable to walk since because of excruciating pain 
on movement of the right leg. This developed three or four days after the 
accident and was described as a constant, severe burning, associated with sharp, 
stabbing pains. It was confined to the lower right leg and foot. The latter was 
so hj'persensitive that he could not bear the weight of a sheet on it. Touching 
the foot markedly aggravated the pain. 

Physical and neurologic examinations were negative except th.at th.erc was S'*n:c 
atrophy of the glutei muscles and the right great trochanter was more promi- 
nent than the left; there was some limitation on extension of the right hip; tl'.ere 
were atrophy of the muscles of the right lower leg and atropiiic changes in t'r.e 
skin on the dorsum of the right foot. Pain in tlie p^>ph’tcal space prevented 
extension of the right leg at the knee beyond a right angle. Th.c oalf of tlte kc 
was tender on pressure and all the voluntary movements at the right ankle jf -.nt 
were lost. He could not extend the toes l)ut could flex them sligluly. Some se:’.-*-- 
of motion and position was lost in tlte right toes. A tuning fork vibration ciu-e i 
pain in the right ankle. Tenderness on pressure was noted along tlie rigiit s 
nerve. There was lost tactile sensation and marked hype.'-algcsia over th.e d r.-um 
of the right foot and the external surface of the leg about l-.altway to t/.e 
The tactile sense was practically lost and the pain sense was nrcatly iurr- ! 
over the plantar surface of the right foot (fig. 5). There was evid- v.\ coi-.t-.r. ;- 
pain in the right foot and the lower leg. 

This boy was completely incapacitated and suftcring severely. Mcrj'-.ir.e vi-.':; 
hypodermically had been required three or four times daily. Tl’.e led n (vi !-:.r’: 
was in the lumbosacral plexus. A unilateral chordotomy ! to ‘.tTcr t: ? •• '. 

measure of relief. The only alternative procedure was riiir'.:' .^y r.? t! •; p ■ ‘’ r; r 
roots. 
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July 6, 1923, the posterior spinous processes and the laminae of the fourth and 
fifth dorsal vertebrae were removed. The left anterolateral column was divided 
between the dentate ligament and the anterior roots at the level of the fourth 
dorsal spinous process (the seventh dorsal segment). The incision just in front 
of the attachment of the dentate ligament extended to a depth of 3 mm. 

The postoperative convalescence was satisfactory. The pain was immediately 
relieved in the leg and foot. The day following operation, he was able to extend 



Fig. 5 (case 9 ). — Areas of lost touch and increased pain before operation when 
there were tactile anesthesia and hyperalgesia with excruciating pain in right leg. 

the right leg at the hip and the knee ; this had been impossible before because of 
induced pain. On the eighth day he was up and around in a wheel chair with a 
shoe on for the first time since the accident. The bladder control was not affected. 

A neurologic examination, July 16, showed no change in the muscles previously 
paralyzed. All other movements were normal. No limitation was noted in the 
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extension of the leg. The tendon of Achilles tenderness was lost on the right, and 
the sense of motion and position of the toes was lost on the right. There were 
analgesia and thermanesthesia below a line around the tlngh about 4 inches 
(10,1 cm.) above the right knee (fig. 4). The tactile sensation was lost over the 
same area as before. The vibratory sense was considerably diminished at the right 
ankle. All the tendon reflexes were normal except for the lost right Achilles 



Fig. 6 {case 9).— Areas of lost touch, pain and tcmper.atiirc ten day? -"Jit'-r 
section of left anterolateral tract at seventh dorsal segment; depth, 3 mm.; c- m- 
plete relief of pain. 


tendon reflex. Plantar irritation caused flexion of the tr-cs cn the* !*. :t; 
was no movement on the right. 

A letter, November Id, stated that he had tltc sensation as of a rv.:.:rr. >• 
running over the right fool when he lay down and tltat h.o w >re ov-- 
rather than a regular shoe l>ccause the foot “seemed sore.” 
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He returned for examination, Feb. 26, 1924, reporting that he had been able 
to do some work, had gained 40 pounds (18.1 Kg.) in weight and was quite 
comfortable. Neurologic examination showed atrophy of the right glutei 
muscles and of the muscles of the right leg. All the tendon reflexes were normal 
except the lost Achilles tendon jerk. Foot drop still was present. Analgesia and 
thermanesthesia were present below a line about 3 inches (7.6 cm.) above the right 



Fig. 7 (case 9). — ^Areas of diminished touch, lost and disturbed pain and lost 
temperature eight months after left chordotomy, 3 mm. deep at seventli dorsal 
segment. 

knee. The tactile sense was lost or greatly diminished in the foot and ankle as 
before. Above the area of lost pain and temperature sense was a band extending 
nearly to the groin in which the pain sense was preserved, but not normal, a pm 
point being felt as a flat knife edge (figs. 7 and 8). 

The last report, May 18, 1924, stated that the atrophy previously noted was 
progressing. Apparently no pain was felt. He expressed great appreciation for 
the relief afforded him. 
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Fortunatelj’^ the pain in this case was referred only to the lower 
part of the leg and foot. Had the pain been in the lower back or 
pelvis, complete relief would not have been obtained ; this, in sjn'ie of 
the fact that section of the anterolateral column was made at approxi- 
mately the seventh dorsal segment. \\'e now believe tliat the fiber.' 



I'ig. S (case 9 ). — Back view of paticiK. 


carrying pain and temperature sensations from tlie ihieb. a:'.-! 
abdominal region lie more anteriorly and mesially than tln'^.j 
lower leg and foot. Had the section been made deej>vr li’.v 
of the anterior root, the area of analge.cia would have bee:: 



Cash 10. — Mr.®. C. !>.. a«cii 2;^. sufTered fwinc in 
c.nrciiionia of the iitcnis; a bilateral ch'^nlotomy v.ti« 
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The present trouble began nine months before admission with shooting pains 
down both legs. Carcinoma of tlie cervix was treated with radium and the pains 
were relieved. The pain returned a month later but was again relieved by 
radium. For the last four months there had been steady pain in the groin and 
for one month, in the legs. After the radium treatments, the patient had a curettage 
and deep roentgen-ray therapy. Morphine in increasing doses had been required 
and now did not control the pain. 



Fig 9 (case 10). — Areas of lost temperature and pain four days after 
chordotomy, 3 mm. deep, at sixth dorsal segtnent; complete relief of pam; dittcr- 
ence in levels of analgesia and thermanesthesia should be noted. 

Physical and neurologic examinations were negative except for extreme weak 
ness and the extensive carcinoma of the uterine cervix with pelvic metastoes. 
chordotomy was advised because of excruciating pain in the lower back, pe v 
and both legs, uncontrolled by morphine. 
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Nov. 10, 1923, the posterior spinous processes and laminae of tlic tliird and 
fourth dorsal vertebrae were removed. A bilateral chordotomy at a level abiut 
midway between the laminae of the third and fourth dorsal vertebrae divided 
the anterolateral tracts in the sixth dorsal segment. The incisions extended o mm. 
in depth just in front of the dentate ligaments and were carried forward to the 
anterior roots. 

She was completely relieved of pain, but immediately after the operation she 
had marked weakness in the muscles of both legs; tlie toes, however, could be 
moved normally. Urination was involuntary but the patient knew when siie was 
urinating. 

Neurologic examination, November 14, by Dr. Camp showed that the patient 
could make all the movements of both legs with some incoordination, live 
umbilical, patellar and Achilles tendon reflexes were lost Plantar irritation 
caused flexion on the right, extension on the left. The pain sense was In^t Iv.d'^'w 
the inguinal region on the right and below the umbilicus on the left. The tcndi'U 
of Achilles tenderness was lost on both sides. The temperature sense was l(>.st tc 
a higher level than the pain sense; it was lost on the left to halfway between tlie 
umbilicus and the inguinal region, and on the right to a level about .1 inches 
(7.6 cm.) above the umbilicus (fig. 9). The senses of motion, posilicm ami l-ical- 
ization were preserved ; tactile and vibrator}* sensibilities were normal, 

December 17, the patient was completely free from pain, but still weak from 
additional uterine hemorrhages. The knee and Achilles tendon reflexes were 
present on the left, absent on the right. The patient could flc.x the right thigh hut 
not extend ft. The left leg movements were normal. Plantar irritation c.ui-ed 
extension on botli sides. The senses of motion and position were normal: the 
vibratory sense was lost in the ankles. The tendon of Achilles tcndcrnc'-s wa-: 
lost. The tactile sense was normal. The area of analgesia extended to jti't 
above the inguinal line on the right and to 2 inches (5 cm.) below the umbilicus 
on tlie left. 


The motor weakness must have been due to encroachment on the 
crossed pyramidal tracts just posterior to the dentate ligament. .A 
point of interest was the difference in levels of analgc.'^ia and therman- 
esthesia, the latter being at least one segment higher. 


Case 11. — Mrs. M. A., aged 34, had pain due to carcinoma of the cervix; 
bilateral chordotomy was performed. 

The present trouble began a year before admission following a mi'c.nrri.'.r 
The patient immediately had a profuse, foul, sometimes blood staiT;'.-! v.".:*’!: 
discharge, whicli had persisted. Backache and burning and itdnng :-.r<iu:’.'! t; 
vagina soon developed. The pain had increased in intensity .and v.;.- :■.> 

largely to the lower part of the abdomen, at times passing down b'tii b c . S! 
had had actual cauterization of die cervix and uterus followed by dc-c;) r- m-.':-' : 
ray therapy; this had stopped the uterine hcm..rrhagcs but liad im: imb.:;; ■■I :: 
pain. The pathologic diagnosis was far advanced medullary 5 u- r-Vi > . : 
cinoma of the cervix. 

Physical examination w.as essentially r.cg.ntivc with tiie ixc'.-pt: :i of •• e * ' ; 
sive crater in the cervix and uterus with pelvic exten^: r.:; i i;: 
neurologic examimation was negative. -V chord- .funy v.r.s ;.dv:--.'i. 

Nov. 24, 1923, the posterior spinous pn ces^cs .-.nd ti •• knr;;:'.- f <■ t t' - f 
and fifth dorsal vertebrae were removed, and bik.ter:.! S''c;i n : * 

anterolateral tracts at the level of the seventh sciu;'. 'b.tv -:; ’ - ; 'i 
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and the fifth spinous processes). The incisions were made to a depth of 3 mm., 
just in front of the reflection of the dentate ligament, and were carried outward 
and forward, emerging at an anterior root on each side. 

The patient was completely relieved of pain. A neurologic examination by 
Dr. Camp, November 28, showed no motor weakness in the extremities. The knee 
and Achilles tendon reflexes were normal. Plantar irritation caused flexion of 
the toes on each side, and there was a lively tickle sense on both sides. The 
senses of motion and position were normal. The tendon of Achilles tenderness 
was lost on both sides. Sensation to a pin point was variable. It was felt acutely 
in spots and was entirely absent in surrounding spots. Both plantar surfaces 
were completely analgesic in spite of which the tickle sense was preserved. The 
loss of the pain sense while incomplete extended to the umbilicus. The patient 
differentiated heat and cold normally over the abdomen, in the right leg and on 
the outer side of the left thigh. The thermal sense was completely lost on the 
inner side of the left thigh and below the knee. The tactile sense was normal. She 
stated that her pain was entirely relieved by the operation. 

Feb. 21, 1924, the patient was free from pain. The results of the neurologic 
examination were practically the same. A letter, March 7, 1924, stated that severe 
pain had developed throughout the back, especially sharp in the lumbar region, 
radiating to the right hip, and that she was growing much weaker and was no 
longer able to be about. It is possible that this new pain was due to metastases 
at a higher level, especially since the pain was referred higher in the back than 
before. 

Case 12. — H. P., a man, aged 24, had pain due to sarcoma of the femur; a 
bilateral chordotomy was performed, and the second and third operation, the last 
combined with rhizotomy. 

This young man entered the hospital because of excruciating pain in the left 
leg and the right orbit. He first noticed pain in his left hip one year before admis- 
sion. The pain was piercing and sharp in character, and worse when he was 
using the leg. It had steadily grown more gevere, involving both legs and was 
now practically constant, requiring morphine in large doses. Examination revealed 
a right exophthalmos, apparently due to a metastasis in the posterior part of the 
orbit A large fusiform swelling of the left thigh was shown by roentgen-ray 
examination to be a i)eriosteal sarcoma involving the upper third of the femur. 
A neurologic examination was negative. Roentgen-ray therapy relieved pain in 
the right eye, but had no influence on the pain in the legs. 

Nov. 24, 1923, a laminectomy was performed, with removal of the posterior 
spinous processes and laminae of the third and fourth dorsal vertebrae. A bilateral 
chordotomy at the level of the sixth dorsal segment was done. The incisions 
extended 3 mm. deep and emerged at the exit of an anterior root on each side. 

A neurologic examination, November 28, showed the umbilical, cremasteric, 
patellar and Achilles tendon reflexes normal. Plantar irritation caused flexion on 
both sides. There was no loss of sense of touch, vibration, motion or position. 
The tendon of Achilles tenderness was lost on both sides. No pain was felt from 
a pin prick on the outer and posterior aspects of both legs from just below the 
knee to the sole of the foot The patient made frequent mistakes in discriminat- 
ing between a pin point and a pin head below tlie knee on the left. On the right 
leg, he could not discriminate temperature changes up to the groin. No motor 
impairment was noted. 
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The patient continued to have pain altliough morphine was not as frc'jucr.tiv 
required. Examination, December 19, showed practically the same fin lincs as 
given above. The analgesia is shovm in figures 10 and II. Rocnlpe:i-ray thtrapv 
continued to relieve the pain in the head but not in the legs. Accorciingly, a 
second chordotomy was performed. 



Fig. 10 (case 12). — .Arca.s of lost temperature .and p.ain f.M.nt;. 
bilateral chordotomy, 3 mm. deep, at sixth dorsal segment; sen- 
lateral side of motor root; .second chordotomy 5 mm. dee}) ;.t Itvtl 
segment made no further change in sensory findines. 



December 20, a second laniinecti my wa^ perfornad. 
terior spinous processes .'iiid th.e hammae of the first a:; 
and a bilater.nl chordotomy was d'U'.e at the level o: the 


incision on either side cxter.nod to a deptt; oi o mm. a; 


V ithi 
;■! ‘ 1 c 
lh:ril 



root. 
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A neurologic examination showed no change from the findings after the first 
chordotomy. The patient still complained of pain, especially in the region of the 
tumor and in the chest However, morphine was not as frequently required and 
many times he had a good night after taking acetysalicylic acid and barbital. 
The tumor grew rapidly and, in the latter part of January, the pain increased in 
severity again. He begged for another spinal operation as he felt that he had 
been somewhat relieved by the previous chordotomies. 



A third operation was performed Feb. 11, 1924. The posterior spinous 
processes and laminae of tlie sixth, seventh and eighth dorsal vertebrae were 
removed and a bilateral chordotomy was performed at the level of the ninth 
dorsal segment. The knife -was inserted to a depth of 3.5 mm. directly me la 
from the insertion of the dentate ligament and carried forward to the emergence 
of an anterior root. The posterior roots exposed in the operative field were 
divided. These ivere the nintli, tenth, eleventh and the upper fibers of the twe 
thoracic root. 
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The patient was completelj' relieved of the pain in both leers and up {o ah'ut 
2 inches (5 cm.) above the umbilicus. He still asked for morphine but after a 
week of satisfactory sterile hj-poderraic injections, the nature of his medication was 
explained and no furtlier h 3 'podermic treatments or morphine by moutii were 
requested. 

A neurologic examination was made, February 23, showing both abdominal, 
the left knee and both Achilles tendon rcflc.vcs lost. There was ankle clom:; on 



pain 


Fig. 12 (case 12).— Areas of lost p.ain and tcnii>c.'-anjrc t!r\tn 
bilateral chordolomy; section of anicrolaitral tracts, .'.5 n:.m. t’-'p. .m 
ninth dorsal segment. Because of two previous failures to rcli^-.c ; 
insure a higher level of anaIgosi.a. bilateral rhi=o;.-.my of r.'i.ntJi. ta;;.';. t :• 
upper fibers of the twelfth posterior thoracic ro.‘ts was c. vA>'r.A wi:’.: 
dotonij’: complete relief was given. 

the right, a positive Babinski reflex on the left. The ter:-.::.- c: 
tendons of Acliilles was lost. The tactile r.nJ ry ‘-.-.ri' a; -..t:: 

of motion and position were norm.-.! in the leg'-. There wa* 1 c: 
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temperature sense below the eighth dorsal segment (fig. 10). The patient was 
unable to flex the right ankle; all other motions were preserved. 

He remained very comfortable except for a return of pain in the right eye 
which was immediately relieved by roentgen-ray treatment. Occasional urinary 
incontinence was noted. He died, April 9, 1924. Necropsy showed primary small 
spindle cell sarcoma of the left femur with metastases in the cranium, ribs, lungs 
and pleura, and early bronchopneumonia. 

Why this patient was not completely relieved by section of the cord 
to the usual depth is not clear. It is possible that his cord was some- 
what larger than normal or that the pain tracts were less superficial 
than usual. Division of the tracts only 0.5 mm. more mesially gave 
complete relief in the legs. The division of the posterior roots was 
done to insure complete loss of pain in the pelvis and lower abdomen. 

Case -13. — Mrs. M. J., aged 55, had pain in the lumbosacral region and pelvis 
due to advanced carcinoma of the uterus, for which a bilateral chordotomy was 
done. 

Since an operation on the uterus in August, 1923, she had suffered much pain 
in both lower quadrants and in the lumbosacral region. The pain was intense, 
sharp, stabbing in character and frequently rediated upward. Morphine had been 
required at least three times daily. 

Physical and neurologic examinations were negative for present consideration 
except for far advanced carcinoma of the uterus with extensive pelvic metas- 
tases. The patient had had deep roentgen-ray therapy without having the pain 
relieved, and morphine gave only partial relief. 

Jan. 10, 1924, a laminectomy was performed, with removal of the posterior 
spinous processes and the laminae of the fourth and fifth dorsal vertebrae. A 
bilateral chordotomy at the level of the seventh dorsal segment was also done. 
The incision extended to a depth of 3 mm. and anteriorly to the emergence of an 
anterior root. 

Postoperative convalescence was satisfactory. There was no pain in the lower 
part of the abdomen, the lumbosacral or pelvic regions since the operation. 
Catheterization was necessary for the first four days. There was some pain 
in the region of the operation and of the sternum, which lasted only a few days. 

A neurologic examination was znade January 11. The patient stated that she 
had none of her previous pain. All motion was preserved except for flexion of 
the left leg at the knee. She moved both ankles and the toes of both feet. Her 
sense of motion, position and vibration was normal. A light touch was felt and 
localized perfectly. The'Vight patellar jerk was normal; the left was not obtained. 
Neither Achilles jerk was obtained. Tendon of Achilles tenderness was present. 
Pain and temperature senses were lost on both sides below the umbilicus. 
Plantar irritation gave no movement on the right, slight flexion on the left. 

Examination, January 23, showed both patellar and both Achilles reflexes 
normal. The abdominal reflex was not obtained. Plantar irritation caused flexion 
on the right, unquestionable extension on the left. The area of lost pain and tem- 
perature was diminished since the first examination ; there was now complete loss 
below the eleventh dorsal segment on the right and on the left below the twelfth 
dorsal on the median half of the posterior surface of the buttocks and thigh 
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1 sacral 1, 2, 3) ami of the Icn: hclow the knee (lumbar 4, S, sacral 1) (fig. 13), 
Siic complaincf! of some pain aliovc the iliac crest and anterior to the superior 
spifU' on the loti. All motion was now normal. 

At the time of discharge she had no pain, was gaining and had overcome the 
morphme habit. Later exanti nation showed no change from the foregoing find- 
ings; .she was still free from pain. 



Fig. 13 (ease 13). — Areas of lost pain and temperature thirteen days after 
bilateral cliordotomy, 3 mm. deep, in seventh dorsal segment; complete relief of 
pain. The day after the operation pain and temperature were lost on both sides 
below the umbilicus. The area of analgesia and thermanesthesia generally dimin- 
ishes slightly, but this is an extreme example. 

Case 14. — iMrs. E. C., aged 60, had pain due to a retroperitoneal neoplasm ; a 
unilateral cliordotomy with rhizotomy was performed. 

A year before admission she had been operated on for an abdominal tumor, 
which was not removed. For some time previous to this she had had severe 
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pains in the left side of the abdomen and lumbar region. A second operation six 
months before admission showed a large, inoperable tumor, apparently originating 
retroperitoneally in the left upper Quadrant. The pains had grown progressively 
worse, confining her to bed. They occurred almost constantly and were described 
as sharp and shooting in character, radiating throughout the left side of the 
abdomen and lumbar region, sometimes down the left leg. 



A neurologic examination was absolutely negative. The physical and roentgen- 
ray examinations disclosed nothing pertinent to this study beyond the large tumor 
in the left side of the upper part of the abdomen. Deep roentgen-ray therapy gave 
no relief. Morphine was required constantly and even then did not afford an 
adequate measure of relief. Chordotomy combined with rhizotomy was therefore 
ad\dsed. 
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Feb, S, 1024, a hmincctoniy was performed with removal of the posterior 
spinous processes ami the laminae of the fifth, sixth and seventh dorsal vertebrae. 
The right anterolateral tract was divided at the eighth dorsal segment from just 
anterior to the pial reflection of the dentate ligament to the emergence of an 
anterior nxn, the incision being carried to a depth of 3 mm. The sixth, seventh, 
eighth and ninth ixisterior roots on the left were divided to insure analgesia 
slightly abive the abdomen. 

rostopcralivc convalescence was satis factorj*. There was no pain in the left 
side of the abdomen, tbe left lumbar region or tlie left leg. The patient com- 
plained for the first time of some pain in the right side of the abdomen and, for 
a few days, of pain in the right leg. Catheterization was necessary much of the 
lime although at times she voided naturally. 

A neurologic examination, February 26, showed a weakness in the right leg. 
The left knee jerk was normal, the right markedly diminished. The left Achilles 
tendon jerk was normal, the right diminished. Plantar irritation caused extension 
on both sides. The pain sense was lost from just below the nipple line (sixth 
segment) to the end of the toes on the left. Tbe temperature sense was lost 
below the tenth dorsal segment. Apparently there was a much wider overlapping 
of the temperature than the pain fibers in tlie skin. The tactile, motion, position and 
vibratory senses were preserved in both legs. The tactile sense was lost in the 
narrow band above the middle of the abdomen (approximately the eightli segment) 
on the left. On the right side at about the ninth rib anteriorly was a band of lost 
pain sensation. 

Reiwrts from the patient for several months showed no return of the pain in 
the left side of tlie abdomen, the lumbar region or the leg. From time to time 
she had pain in the right side of the abdomen. We believe that the posterior roots 
on the right side should have been cut although a bilateral chordotomy was 
scarcely indicated. Motion in the right leg was gradually improved. 

Case IS. — Mrs. M. H., aged 37, had pain in the lower abdomen and back from 
carcinoma of tlie uterus ; a bilateral chordotomy was performed. 

About four months before admission the patient developed pain in the lower 
part of the abdomen and the lower lumbar region. It had been almost continuous 
since and was described as sometimes sharp, at other times dull in character. 
Recently the pain had become extremely severe, referred to the lower part of the 
abdomen, the lumbosacral region, both hips and legs. Cautery was used tliree 
months before admission on the cervix and uterus followed by deep roentgen-ray 
therapy witliout relief of symptoms. For three months she had had difficulty in 
starting urine and considerable dysuria. Morphine in large doses had failed to 
give relief, so chordotomy was advised. 

A neurologic examination was essentially negative. Physical examination 
showed nothing pertinent except the large ulcerating carcinoma of the cervix with 
pelvic metastases. 

May 2, 1924, a laminectomy was performed, with removal of the posterior 
spinous processes and the laminae of the fourth, fifth and sixth dorsal vertebrae. 
The anterolateral tracts were divided at the level of the seventh dorsal segment 
to a depth of 3 mm. The incision commenced just in front of the dentate liga- 
ment and extended to the emergence of an anterior root. 

The laminectomy incision healed promptly. The patient was completely relieved 
of the pain in the abdomen, back and legs and required no more morphine. On 
one occasion she complained of pain in the legs but this was not severe and 
lasted only a short time. Catheterization was not necessary. 
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A neurologic examination showed no loss in the motion of the extremities. 
The knee and Achilles tendon jerks were normal. Plantar irritation resulted in 
flexion of the toes. Tactile, vibratory, motion and position senses were normal. 
There was loss of pain on both sides below a line 2 inches (5 cm.) below the 
umbilicus (approximately the eleventh dorsal segment). The temperature sense 
was impaired from the umbilicus to the groin, below which level it was lost on 
both sides. 

The level of complete temperature loss was much lower than of lost pain 
sensation although the area of diminished thermal sense, in which the patient was 
occasionally able to distinguish temperature changes correctly, extended to a higher 
level than the analgesia. This must indicate in this patient a wider overlapping 
of the thermal sense in the skin, or a much lengthened crossing in the cord. 

Case 16. — Mrs. A. M., aged 58, had pain due to spasmodic contractions of the 
legs ; a bilateral chordotomy was performed. 

About four years before admission she developed sudden cramplike pains in the 
left hip while walking. The leg would draw up causing her to fall. The pain 
appeared only at long intervals until two years before admission when it occurred 
almost daily, especially after she relaxed in a recumbent position. The pain 
gradually increased in severity and frequency, confining her to bed for the last 
twenty months. For the last year, the right leg had been similarly involved. 
During the attacks of pain there was forceful, involuntary flexion of the thighs 
on the abdomen, of tlie legs at the knees, and of the toes. The pain always 
radiated from the hips down the posterior aspect of the legs to the heels. 

Physical examination was negative except for marked contractures of the legs, 
the thighs and knees being flexed. Neurologic and spinal fluid examinations were 
negative. Roentgen-ray examination was negative except for some arthritis of 
the spine. The pain was so severe that she cried out during attacks. Morphine 
had been freely used but only partially alleviated her suffering. No cause for the 
spasmodic contractions and the pain was ever determined. A bilateral chordotomy 
was finally advised. 

Aug. 13, 1924, a laminectomy was performed, with removal of the posterior 
spinous processes and the laminae of the fourth and fifth dorsal vertebrae. A 
bilateral section of the anterolateral columns was made to a depth of 3 mm., the 
incision extending from the dentate ligaments anteriorly into the anterior roots. 

Immediate postoperative recovery was delayed because of a pulmonary com- 
plication. The day after operation, she said that her legs felt numb. No 
change was actually noted in the tactile sensation, however, and this subjective 
sensation had disappeared the next day. Morphine was discontinued. She had 
to be catheterized until September 10, when she voided normally. She felt no 
pain in the legs after the operation. 

A neurologic examination, August showed loss of the pain sensation 
below the ninth dorsal segment on the right and the eleventh segment on the left. 
Temperature was lost below the crest of the ilium on each side. There was an 
area of diminished sensation to pin iwint pain on the inner side of the thigh and 
in the upper gluteal region on the left (figs. 15 and 16). The tendon of Achilles 
tenderness was lost, and there was no change in the light touch, vibration, motion 
and position senses. The reflexes and motion were unchanged, except for a 
tendency to extension of the great toes on plantar stimulation 

A report a year later stated that there had been no return of pain in the legs 
although the spasmodic movements still persisted. 

Case 17. — ^Mrs. A. D., aged 31, had intractable pain due to carcinoma of 
the uterus; a bilateral chordotomy was performed. 
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The patient first noted a yellowish, blood streaked, foul vaginal discharge 
fifteen months before admission. Five months later tlie cervix was amputated 
and radiujn was ap])licd. The carcinoma continued to grow. Later, cauterization 
was done and deep roentgen-ray therapy instituted without evident benefit. The 
patient now had extensive mctastascs and excruciating pain in the lower part of 
the alxlomcn and both legs. A neurologic examination was negative. 



Fig. IS (case 16). — Areas of lost temperature and pain and diminished pain 
sixteen days after bilateral section of anterolateral tracts at seventh dorsal seg- 
ment; incisions were made 3 mm. deep and extended anteriorly into respective 
anteripr roots. Complete relief of pain resulted and no motor weakness. The level 
of lost pain sensation is higher than that of temperature loss ; there is also an area 
of diminished pain perception on left thigh and right lumbar region. 

Dec. 12, 1924, a laminectomy was performed, with removal of the posterior 
spinous processes and the laminae of the fifth, sixth and seventh dorsal vertebrae. 
A bilateral chordotomy was done at the level of the fifth spinous process (through 
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the eighth dorsal segment). The incision, just anterior to the dentate ligament, 
extended to a depth of 3 mm., circled forward and outward, emerging at an 
anterior root. 

The postoperative convalescence was satisfactory. Catheterization was neces- 
sary for the first three days. She was much more comfortable, the chief com- 
plaint being pain in the region of the incision. During the day, she was practi- 
cally completely relieved but nearly every night she required one-fourth grain 



(0.016 Gm.) of morphine, usually for pain in the back and sometimes in the legs. 
She was mucli brighter and more cheerful than before operation. 

A neurologic examination, December 22, showed normal umbilical, patellar, 
Achilles and plantar reflexes on both sides; motion, position, vibratory and tactile 
senses were normal. The temperature sense was not certain up to the groin on 
each side but was correct in interpretation more often than wrong. A pin point 
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was not distinguished as such over the anterior and lateral aspects of the right 
leg and the dorsum of the foot, and a pin point was not felt as painful in many 
places up to the groin. This loss was not segmented but appeared in irregular 
.areas. 

W'e can offer no explanation for the failure in this case to get a 
greater loss both of temperature and pain perception. The relief was 



Fig. 17 (case 17). — Areas of temperature and pain ten days after bilateral 
chordotomy, 3 mm. deep, in eighth dorsal segment; relief of spontaneous pain 
much greater than area of complete analgesia would indicate; on left, pain and 
temperature senses were disturbed but not as markedly as on right thigh. 

more marked than would be expected from the neurologic findings. 
This relief, however, was not constant and at times the patient com- 
plained of severe pains in the legs. 
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Case 18. Mrs. B. W., aged 35, had pain in the abdomen, lower back, rectum 
and legs, for which a chordotomy was done. 

For the last three months she had had constant, severe, aching pains in the back, 
rectum, across the lower part of the abdomen and down both legs to the knees! 
In January, 1923, amputation of the cervix was done; in January, 1924, hysterec- 
tomy; in August, 1924, actual cautery to a growth in the upper part of the 
vagina; in November, 1924, radium therapy in the vagina, and in December, 1924, 
deep roentgen-ray therapy. The diagnosis was carcinoma of the cervix with 



Fig. 18 (case 18) . — ^Areas of lost pain and temperature five days after bilateral 
chordotomy between fifth and sixth dorsal segments ; section of each anterolateral 
tract to a depth of 3 mm. at dentate ligament and anteriorly through to the mesial 
side of the exit of an anterior root, which gave tlie highest level of analgesia and 
thermanesthesia obtained in an 3 ’- case; no change in motor function, tactile, vibra- 
torj', motion, position and deep pressure sensations or in cutaneous and tendon 
reflexes; complete relief of pain. 
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pelvic mctastascs. Since ihc radium tlicrapy the patient had had difficulty with 
urination. The pain \va.s now so severe that sleep was not possible even with 
morphine. 

A neurologic c.\amination was negative. A physical examination, was negative 
except for a mass in the pelvis and tight stricture in the vagina. A chordotomy 
was advised. 

Feb. 5, 1925, a laminectomy was performed, with removal of the posterior 
spinous processes of the third, hjurth and fifth and the laminae of the third and 



Fig. 19 (case 18). — Back view of patient. 


fourth dorsal vertebrae. Section was made of the right anterolateral tract to a 
depth of 3 mm. at the level of the third posterior spinous process; i. c, the fifth or 
sixth dorsal segment. The incision was started close to the anterior surface of the 
dentate ligament and carried anteriorly through the emergence of an anterior 
root. As a rule, we have not carried the incision quite as far medially, the knife 
usually emerging at the lateral rather than the mesial side of the motor root. A 
similar division of the left anterolateral tract was made. 
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She was completely relieved of pain in the back, pelvis, rectum and legs. 
Catheterization was not necessary; she was incontinent at times. 'Morphine was 
gradually withdrawn and discontinued entirely after the fifth day although she 
had required large doses before the operation. 

A neurologic examination, Feb. 10, 1925, showed all motion in the lower 
extremities to be normal. The patellar and Achilles tendon reflexes were normal. 
Plantar irritation caused flexion on the toes on both sides. The vibratory sense 
was present at the ankles, the tibiae and the patellar and iliac crests. The senses 



Fig. 20 (case 18) . — Areas of lost temperature and pain twenty-nine days after 
bilateral chordotomy, showing lower level of analgesia and thermanesthesia than 
was present five days after operation, as shown by figures 18 and 19. 


of motion and position were normal. Deep pressure was felt as such, but con- 
tinued pressure caused no pain. The tendon of Achilles tenderness was lost. T le 
tactile sense was normal. The pain and temperature senses were lost on bot i 
sides below' a line approximately halfway betw'een the areas supplied by the fi ti 
and sixth dorsal segments (figs. 18 and 19). 
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A neurologic examination, Marcli 24, showed loss of the umbilical reflex. The 
patellar and Acliillcs tendon reflexes were normal. Plantar irritation caused 
flexion of the toes on both sides. The tactile sensation was normal in the trunk 
and lower extremities. The senses of vibration, motion and position were normal. 
The pain and temperature senses were lost on the left side below the fifth dorsal 
segment (a trifle higher than on previous examination). On the right, the anal- 
gesia and thcrmancsthcsia were slightli* lower, having dropped to the seventh 
dorsal segment (figs, 20 and 21). 



The area of lost pain and temperature sensation extended to a higher 
level in relation to the anterolateral segment divided than in any previ- 
ous chordotomy. This we believe is due to the incision being carried 
deeper in the extreme anterior portion of the tract, the section of the 
cord fibers extending to the median side of the anterior roots. The divi- 
sion of one motor root is of no consequence in the upper dorsal region. 
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Case 19.— C. L., a man, aged 65, suffered excruciating pain in the legs of 
unknown etiology; a bilateral chordotomy was done. 

In January, 1925, he first noticed a “numb” feeling over the entire bod}', 
following exposure to cold while digging a well with his feet in ice water. He 
shortly developed sharp, intermittent pains in the thighs and lower part of the 
abdomen. Catheterization was necessary the next day, but not since. The inter- 



Fig. 22 (case 19).— Areas of diminished pain and tactile perception before 
operation. 

mittcnt pains, radiating down both legs, but most severe in the left, had persisted. 
He had some involuntary jerking of the left leg and foot from the onset o t ie 
trouble. This had now extended to the right leg and foot. The contractions o t ic 
adductor of the left tliigh and extensors and flexors of the toes were most mar e . 
These jerking movements were verj' painful. He had polydipsia and poburia. 
The urine examination w'as negative. 
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Physical and neurologic examinations, ilarch 20, 1925, were negative except 
that the plantar reflex was lost in both feet; the tendon of Achilles tenderness 
was lost, and there was a considerable tremor of both legs when, he was standing 
in the Romberg position. There were coarse, quite rhythmical movements of 
both lower extremities combined with occasional spasmodic contractions. The 
patellar reflexes were very active, especially the left. Pin point and light touch 



sensations were diminished below the lower third of the thigh in front and the 
middle of the thigh behind (figs. 22 and 23). The spinal fluid was negative to the 
Wassermann test, clear, colorless, and gave moderate clouding to phenol. In 
phase 1 of the Nonne-Apelt reaction there was a. faint ring; in phase 2, slight opal- 
escence, The colloidal gold curve was 00122210000 ; mastic, 222100. 

On examination, June 8, the patient complained of severe pain and jerking of 
the legs and feet, with much pain in the soles of the feet He had a tingling and 
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burning sensation in the legs and feet. The Achilles reflex was now lost on both 
sides. Sensation was the same- as before. The vibratory, motion and position 
senses were normal. 

A month later he returned, complaining bitterly of the sharp, shooting pains 
which now extended downward from the inguinal region on both sides. There 
also was severe burning along the fibular surfaces and feet. The patellar reflexes 



Fig. 24 (case 19).— Areas of lost temperature and pain seventeen days after 
bilateral chordotomy at eighth dorsal segment; section of each anterolateral trac 
to a depth of 3 mm. in front of dentate ligament and forward through respective 
anterior roots. 

were normal. The Achilles tendon and plantar reflexes were lost. The light 
touch sense in the lower e.xtremities had now returned to normal. Pin 
was still markedly diminished in the same area as before. The tendon of ® 
tenderness was lost. Motion, position and vibratory senses were normal, 
thermal sense probably was normal but discrimination was not alwaj's accurate. 
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A definite diagnosis could not be made. Some of the symptoms suggested a 
tumor or inflammatory condition in the cauda equina. The pain was so severe 
that ex-ploration even with the very doubtful diagnosis was considered advisable. 

July 23 , the posterior spinous processes and the laminae of the tenth, eleventh 
and twelfth dorsal and first and second lumbar vertebrae were removed. No 
evidence of a pathologic condition could be found. The relief of pain to be 



Fig. 25 (case 19). — Areas of lost temperature and pain more than five montlis 
after bilateral section of anterolateral tracts at eighth dorsal segment; the level of 
analgesia and thermanesthesia has remained practically the same. 

obtained by a chordotomy at this level was not known, but seemed worth deter- 
mining. Bilateral division of the anterolateral tracts was made to a depth of 
3 mm. at the second lumbar segment. As the motor roots at this level are 
important, the section of the cord on each side extended only from in front of tlie 
dentate ligament to the respective anterior root. 
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The pain was entirely relieved in tJie feet, but no change in. the pain sensation 
was noted elsewhere. Accordingly, section of the anterolateral tracts in the 
usual upper dorsal region was recommended, 

August 15, the posterior spinous processes and the laminae of the fourth, 
fifth and sixth dorsal vertebrae were removed, and a bilateral chordotoray at the 
level of the fifth dorsal vertebra (eightli dorsal segment) was done. The antero- 



Fig. 26 (case 19). — Back view of patient. 

lateral tracts were divided to a depth of 3 mm. just anterior to the dentate liga* 
meat. The incisions were then carried forward through the anterior roots on eac i 

side. u M w 

The severe shooting pains in the legs were completely reliev'cd. The biad er 

had to be emptied by suprapubic pressure. A neurologic examination by Dr. 
W. A. Smith, Aug. 1, 1925, showed involuntary' twitchings of the^ feet and legs 
still present. The patellar reflexes were normal. The tendon of Achilles an 
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plantar reflexes were lost, and the tendon of Achilles tenderness was lost. The 
vibratory sense was present in the ankles. The pain sense was lost below the level 
of the umbilicus on the right and to. about 2 inches (5 cm.) above the umbilicus on 
the left. A neurologic examination by Dr. John L. Garvey, September 7, revealed 
that the patient complained of no pain in the lower extremities but now had a 
sensation of needles touching but causing no pain in the legs. He also complained, 
as before operation, of burning and jerking of the legs. The right patellar 
reflex was normal, the left diminished, and the Achilles tendon reflex was dimin- 
ished. The plantar reflex was normal on both sides. The vibratory sense was 
present. The tendon of Achilles tenderness was lost. The sense of motion and 
position was normal. The pain sensation was lost to the umbilicus on the right, 
to just below the umbilicus on the left (fig. 24). There was no motor paralysis 
but the patient would not try to walk, going about in a wheel chair. Shortly there- 
after he was persuaded to walk. 

The patient returned to the hospital, Jan. 21, 1926. He had had no return of 
the former pain in the legs but had had sharp, intermittent pains in the chest, the 
abdomen, the shoulders and the upper part of the arms. He still had burning in 
the legs, most severe on the left. On the right, only the posterior aspect from the 
middle of the thigh down was involved. He had jerking of the feet and toes 
when recumbent but not when sitting or standing, and had incontinence of urine. 
He now used crutches because the “knees gave way.” On neurologic examination, 
Jan. 25, 1926, the umbilical reflexes were not obtained. The patellar reflexes 
were active and equal ; the tendon of Achilles, reflexes were present, more prompt 
on the right. Plantar irritation caused extension of the toes on the right, no 
movement on the left. The tendon of Achilles tenderness was lost on both sides. 
The vibratory, motion and position senses were normal. The tactile sense was 
normal. The pain sense was lost to the level of the umbilicus on the right and to 
an ascending line 2 inches (5 cm.) above the umbilicus on the left. The tempera- 
ture sense was lost below a horizontal level just beneath tlie umbilicus (fig. 26). 

A positive diagnosis was not made. The patient, however, was 
greatly relieved by the loss of the excruciating pain which radiated from 
the inguinal region down both legs. The presence of a burning sensa- 
tion in an area in which both pain and temperature sensations are 
completely lost is difficult to explain. A point of interest was the differ- 
ence in the levels of analgesia and themianesthesia, the former being a 
segment higher on the left and a trifle higher on the right. The reverse 
has been noted in a previous chordotomy case. 

RESUME 

The series of nineteen cases that appear in the American literature 
embrace the reports of Martin and Spiller, Beer, Frazier, Leighton, and 
Frazier and Spiller. The operation has also been performed by Elsberg, 
Ernest Sachs and others in this country but the cases have not been 
published. The primary conditions in the foregoing series which ulti- 
mately made operation for the relief of pain necessary were : primary 
malignant disease of the spine, three; gunshot injury of the spine, three ; 
tabes dorsalis, three; myelitis, two; carcinoma of the rectum, two; 
carcinoma of the cecum, one ; carcinoma of the uterus, one ; carcinoma 
of the breast, one; sarcoma of the thigh, one; shell wound of the sciatic 
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advocates the removal of retained urine and avoidance of pain due to 
back pressure, with its danger. of renal infection. He considers it 
unwise to cease abruptly the use of the catheter when there is residual 
urine, Cabot contends that the catheter must be used whenever neces- 
sary to prevent distention, ■ for the sudden emptying of a distended 
bladder causes ‘vascular changes that permit infection of the bladder 
mucosa, Jacobson and Keller^® likewise contend that the catheter of 
itself is not always the cause of cystitis but that bacterial infection plus 
retention, trauma and congestion are all more or less necessary factors. 
Gibbon,-^ on the other hand, and many others insist that catheterization 
should not be instituted after operation unless necessary for pain due 
to vesical distention and that other expedients should always be tried 
primarily in an attempt to have the patient void spontaneously. This 
seems to be the opinion of the majority of clinical surgeons, 

ROUTES OF INVASION 

The literature is replete with accounts of experimental work done 
by many investigators in attempts to determine the route by which the 
colon bacillus reaches the renal and ureteral tissues. The late trend of 
opinion in this question leans strongly toward the hematogenous route 
as being by far the most common one. 

^^^len there is a marked degree of obstruction with its resulting 
vascular changes due to malposition of the kidney, calculus, neoplasm or 
enlarged prostate, an ascending infection along the ureter may occur, 
possibly in association with a hematogenous or lymphogenous transfer 
of the infecting organisms. The possibility of bacteria reaching the 
kidneys by direct extension or continuity must also be borne in mind, 
Clark observed that the bladder in women is rendered especially 
vulnerable to an adjacent pathologic condition by the intimate anatomic 
relation of the surrounding genitalia. Furniss cites Bauersein, who 
found cystitis at eighteen necropsies following operations for carcinoma 
but no evidence of the infection extending through the bladder wall. 
Bauersein considered the urethra or the hematogenously infected kidney 
as the source of infection and held that the operative wound was the 
portal of entry in more of these cases than is generally believed. Cabot 
and Crabtree assert that colon bacillus' infections are usually hematoge- 

24. Gibbon, J. H. : Ochsner’s Surgical Diagnosis and Treatment, Philadelphia, 
Lea & Febiger, 1:139, 1920. 

25. Clark, J. G. : The Relationship Between the Urinary System and Disease 
of the Female Pelvic Organs, Surg., Gynec. & Obst. 18:10 (Jan.) 1914. 

26. Cabot, H., and Crabtree, E. G.: A Classification of Renal Infections 
with Particular Reference to Treatment, Boston M. & S. J. 174:780 (June) 1916. 
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nous in origin and maintain that Bacilli coli circulate in the blood under 
many conditions, being e>:creted by the kidneys vrithout producing 
gross lesions. Crabtree^' obtained colon bacillus from the biood in 
40 per cent, of thirU’-^.vo cases of acute pyelitis, Hess = concluded that 
infection may ascend by the lumen of the ureter and its lymphatics. He 
injected virulc-nt cultures of Bacillus coli into the bladder of rabbits, 
v/ith and without previous irritation, and into the pelvis of the kidnccr, 
rvith and vrithout obstruction of the ureter. This same investigator, 
hov/ever, seems to believe the hematogenous route to be the most common 
one for he injected Bacillus coli into the ear vein of anirrjals and vras 
able to follo'vv the bacterial masses from capsule spaces of glomeruli 
into eft'erent tubules vrithin a short time (nventy hours) even ivhen 
there vras no evidence of microscopic changes or hemorrhage, Vvkhin 
a fcvv days therezitrsr no bacteria couid be seen in kidney sections, 
possibly because they v.-ere rapidly ehminated. The changes in both 
kidneys v/ere identical and the renal lesions almost the same as in 
ascending infection. As r<^ards the transfer of Bacillus coli from the 
colon to the right kidney via the lymphatics, he contends that the lymph 
glands normally prevent distribution of micro-organisms. 

Barber and Draper*^ found that, given an infected bladder and 
making due allowance for local and s^'stemic resistance, the uretero- 
v-esical valves may be cut without resulting infection, and showed that 
the degree of protection afforded by these structures vrzs probably over- 
estimated. At the same time, they found that the kidneys were protected 
from urogenous infection and hydropic degeneration by the peristaltic 
action of the ureter. 


itrciDExcE a?;d .siG;riFiCA:rcE of colo::bacilltjeia after 

OPEEATIO:r 


In 1909 Rogers of Calcutta recorded a series of eight gj'necologic 
patients who had been operated on and in v/hom an acute febrile condi- 
tion had developed as a postoperative complication. The colon bacillus 
was isolated from the urine in ei’ery case and he attributed the disturbed 
convalescence to urinary tract infection. 

In 1911 Williams and W'allace of Liverpool, noting Rogers experi- 
ence, decided they would undertake to determine the incidence of 


27, Cabot, H., an*! Crabtree, E, G.: Etiology and Pathology of ICoatuber- 
culotis Renal Infections, Surg,, Gynec, £: Obst, 33:493 (ITov.) 1516, 

23, Rogers, L,: Genito-Urinarj' E, CoK Infections as a Frequent Cause of 
Fever, Therapist 20:1-4, 1915, 

29, Williams, R, and Wallace, A, J-: The Incidence, Characters and Sig- 
nificance of B, Coli in the Urine of Gj'necological Patients Before and -After 
Operation, Liverpool II, Cnir. J, 31:95, 1911. 
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Bacillus coli in the urine of gynecologic patients and any correlation 
between postoperative rises of temperature and the presence of this 
organism in the urine. Colon bacillus was found in 44.5 per cent, of 
cases before operation and in 93 per cent, after operation, with an 
appreciable increase in the number of colonies in all postoperative cases. 
The urine from two cases was sterile throughout and one case with 
sterile urine showed the highest temperature rise of any in the series. 
Four other cases were tested after operation only, and a growth obtained 
in each. There was no marked temperature rise in any case with colon- 
bacilluria. Their conclusions were, in part, that the presence of Bacillus 
coli in the urine of these patients was of little importance and they 
suggested the use of agglutination tests when there is evidence in the 
urine of inflammatory changes coincident with colonbacilluria. 

Rawls,®° in his study of bacilluria in forty gynecologic cases, found 
Bacillus coli in 20 per cent, before, and 27.5 per cent, after, operation, 
with more extensive growths after operation. Only one patient in his 
series had symptoms of urinary infection. The other cases did not 
present objective or subjective evidence of the absence or presence of 
bacilluria. He observed that the colon bacillus, as found in gynecologic 
and obstetric patients, was most often a saprophyte becoming pathogenic 
when conditions were ripe, such as those which follow obstruction and 
unanatomic relations. 

What then, are the most essential elements in a diagnosis of infection 
of the urinary tract due to the colon bacillus ? Cabot and Crabtree 
consider the following factors necessary: (o) suggestive clinical evi- 
dence; (h) bacilli in large numbers in the urine; (c) a trace of albumin, 
also red blood corpuscles and leukocytes in the urine, and (d) renal 
function below normal. 

METHODS AND RESULTS IN EXPERIMENTAL WORK 

During the last year I have made a study of colonbacilluria in the 
surgical service of Dr. Carl R. Steinke at the City Hospital of Akron. 

30. Rawls, R. M. : B. CoH Infections as a Complication in Gynecologj' and 
Obstetrics, Tr. Am. Gynec. Soc. 40:475, 1915. 

31. I wish to mention the uniformly satisfactory results which may be 
obtained by the use of the so-called Greiss test, as a time saving measure for 
the detection of bacterial activity in urine which has recently been secreted bj 
the kidneys. In IS out of 20 cases in which the modified Greiss test indicate 
bacterial activity in the kidneys, the results were confirmed by cultures. This 
procedure should be of some value, I believe, to the laboratorian and clinician 
when renal specimens have been collected for culture by catheterization of t e 
ureters. Weltmann. Oskar: Wien, klin, Wchnschr. 35:688 (Aug. 10) 19 
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Urine was collected,®- using care to avoid contamination, and for- 
warded to the laboratory in sterile test tubes a few hours before operation 
and from four to six days after operation. The catheter was used to 
collect all specimens except in a certain number of the male patients. 
These were allowed to void and the specimen collected after about half 
the vesical urine had passed through the urethra. The object was to 
carry on the work under varying conditions in order that the results 
might be based on ordinary careful hospital routine. 

The cases observed were not selected. The 130 patients in this 
series underwent operations that are representative of those commonly 
performed in the field of general surgery. The ages ranged from 
13 to 71 years, the average being 33 years. The youngest patient in 
whom a postoperative colonbacilluria was found was 13 years, the 
oldest 60. , 

There were ninety-four females and thirty-six males in this group. 
Among the female patients twenty-four, or 25.5 per cent., had colon 
bacilli in the urine before, and thirty-eight, or 40.4 per cent., after opera- 
tion. Of the twenty-four who had preoperative colonbacilluria, all but 
two had postoperative colonbacilluria. Fifty-six, or slightly over half 
the female patients, were gynecologic. Fifteen, or 26.8 per cent., had 

32. Method for Bacterial Diagnosis of Colon Bacilluria: 

1. Special precautions must be taken in collection in order to avoid the 

possibility of contamination with colon bacillus about the genitalia. 

2. The urine should be collected in a carefully sterilized receptacle and 

cultured within a few hours afterward. 

3. From 10 to 20 c.c. or more of urine should be transferred with a 

sterile pipet to a flask containing 100 c.c. or more of plain neutral 
broth. This culture should be incubated at body temperature. If 
the contents remain perfectly clear for at least four days it may be 
safely regarded as a sterile culture. Slight cloudiness is some- 
times due to precipitation of urine salts. Smears are negative but 
1 C.C. of the culture should be transferred to a slant of agar and 
incubated forty-eight hours. If no growth appears the culture is 
sterile. If colon bacilli are present the mediums are likely to 
become cloudy within forty-eight hours and should be examined 
as follows : (a) A stained smear shows short gram-negative bacilli. 
If other organisms are present it will be necessary to plate out the 
culture to isolate the bacilli. For this purpose plain agar plates 
may be used but plates of Endo medium are to be preferred 
because on these colon bacilli produce a bright red colony. A 
short gram-negative bacillus is suggestive of the colon bacilli, 

■ but before it can be definitely regarded as such it must (1) be 
motile (usually sluggish); (2) coagulate milk; (3) produce acid 
and gas when placed in a fermentation tube containing litmus — 
glucose bouillon; (4) produces acid and gas when inoculated on 
a slant of Russell’s double sugar agar, and (5) produces indol 
(some strains produce only small amounts). 
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attempt at this time to isolate and study the many other different 
organisms that may be found in the urine when cultures are not 
absolutely sterile. 

SUMMARY AND CONCLUSIONS 

An attempt was made to determine the importance of laboratory 
reports that show Bacillus coli in the urine of patients following 
operation. 

An unselected series of 130 general surgical cases was studied to 
determine by culture the incidence and significance of postoperative 
colonbacilluria. 

1. The colon bacillus appears in the urine of a certain percentage 
of male and female patients who present themselves for surgical opera- 
tion. The same organism appears in an appreciably larger percentage 
after operation, often without subjective or objective symptoms of a 
urinary tract infection. 

2. Among female surgical patients of this series colonbacilluria was 
present from three to five times more often than among male surgical 
patients. 

3. Colon bacilli occurring in the urine in abundance after operation 
is a presumptive sign of urinary tract infection, but in the absence of 
other confirmatory evidence does not always account for postoperative 
complications. 

4. Gynecologic cases, as a class, have colon bacilli present in the 
urine after operation probably more often than any other class of 
surgical subjects. 

1S9 South Main Street. 



SPONTANEOUS DISLOCATION OF THE TENDON OF 
THE LONG HEAD OF THE BICEPS BRACHII 

REPORT OF FOUR CASES * 

A. W. MEYER, M.D. 

PALO ALTO, CALIF. 

I have used the word spontaneous advisedly in order to convey the 
idea that external trauma, accident or disease is not necessarily involved 
in the cases I have observed. These dislocations were uncomplicated in 
the customary sense but not acutally so, because they were all associated 
with destruction of portions of the articular capsule by use. This, to 
be sure, is a traumatic destruction but not in the usual sense, for the 
trauma concerned was not due to external causes but resulted from 
use of the extremity. 

Dislocation of the tendon of the long head of the biceps brachii, 
uncomplicated by the dislocation of the joint or by external trauma, 
remains an almost unrecorded and also a disputed thing. After a review 
of the literature. White ^ in 1884 came to the conclusion that the case 
observed by him probably was the only genuine one up to that time. 

Since 1884 the Index Medicus lists only a single article on this 
topic, by Robinson® in 1902. Robinson diagnosed and demonstrated 
his case as one of “dislocation of the tendon of the long head of the 
biceps flexor cubiti,” but later reported that “the case shown under the 
above title did not prove so on operation. The biceps tendon seemed 
securely held in its groove, but there was a very thickened bursa over 
the great tuberosity, in relation with the insertion of the supraspinatus. 
The tuberosity itself was irregular and thickened evidently owing to 
osteoarthritis.” The existence of a greatly thickened supratubercular 
or subdeltoid bursa in this case is of especial interest to me, because in 
the many hundreds of cases of use-destruction I never have encountered 
such a case. 

Only a few works on anatomy and surgery mention dislocation of 
the tendon of the long head of the biceps among surgical lesions. 
Treves® (undated), for example, merely stated that “in certain violent 
wrenches of the limb the tendon may slip from its groove and be dis- 

* From the department of anatomy, Stanford University School of Medicine. 

1. White, J. W. : A Case of Supposed Dislocation of the Tendon of the Long 
Head of the Biceps Muscle, Am. J. M. Sc. 87, 1884. 

2. Robinson, H. B. : Dislocation of the Long Tendon of the Biceps Flexor 
Cubiti, Tr. Clin. Soc. London 36, 1902-1903. 

3. Treves, Frederick: Surgical Applied Anatomy, Philadelphia (about 
1883). 
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placed to one or the other side, usually the inner side.” The idea that 
sudden exertion can dislocate the normal tendon is common but probably 
erroneous. 

Davis ^ in 1907, writing in Piersol’s Anatomy, declared that “inward 
dislocation of the tendon of the long head of the biceps muscle has 
probably occurred from direct violence as an uncomplicated lesion in a 
few cases.” Since a dislocation of the tendon from “direct violence” 
would undoubtedly have to be complicated by other injuries to skin and 
muscles, I presume that what Davis really meant was that the dis- 
location of the tendon may be uncomplicated by dislocation at the 
shoulder. 

In his Applied Anatomy, Davis ® in 1910 wrote : “This tendon is 
comparatively rarely luxated, because it is firmly held in place by the 
transverse humeral ligament. . . . Luxation of the tendon out- 
wardly would be opposed by the insertion of the pectoralis major ; there- 
fore it is only displaced inwardly.” It seems to follow from this that 
Davis merely had dislocation of the distal portion of the tendon in mind, 
for luxation of the proximal portion could not be prevented by the 
tendon of the pectoralis major. 

Under the head “Dislocation of Muscles and Tendons,” Da Costa ® 
in 1915 stated that “the tendon of the biceps is oftenest displaced,” 
without specifying, however, which biceps tendon is so affected. 
Da Costa added that the tendon of the flexor carpi ulnaris, peroneus 
brevis, peroneus longus, tibialis posticus, sartorius and even that of the 
plantaris may be dislocated. He stated, however, that fracture or 
chronic arthritis are usually responsible for these dislocations and added 
that “displacements may exist after a solitary injury. . . . Dis- 
location of the long head of the biceps may occur laterally early in the 
progress of rheumatoid arthritis of the shoulder joint, and the displaced 
tendon may be absorbed.” 

No one will dispute the fact that external violence may dislocate any 
organ in the human body, but aside from this it is difficult to see how 
the tendon of the plantaris or some others mentioned by Da Costa 
could be dislocated by chronic arthritis. I have seen many effects of 
severe chronic arthritis in the dissecting room, including marked destruc- 
tion in the shoulder and other joints, but I have never seen a case of 
lateral dislocation of the tendon of the long head of the biceps, and 
on anatomic grounds I doubt whether lateral displacement ever occurs 
except from external forces that first destroy the tendon of the supra- 
spinatus and joint capsule. 

4. Davis, G. G. : Human Anatomy, Philadelphia, Piersol, 1907. 

5. Davis, G. G. : Applied Anatomy, Philadelphia, 1910. 

6. Da Costa, J. C.: Modern Surgery, General and Operative, Ed. 2, 
Philadelphia, 1919. 
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Binnie " in 1907, writing on the surgery of muscles, tendons and 
bursae, stated that “luxation of the tendon of the biceps has been 
described. It is difficult to imagine this injur)^ occurring without dislo- 
cation or fracture of the head of the humerus.” This conclusion of 
Binnie confirms the opinions of Volkmann and Chassaignac as quoted 
by Wffiite. In Binnie's “Treatise of Regional Surgery” in 1917, Frick ® 
spoke only of displacement of the tendons of the peroneus longus and 
the “tibialis anticus and posticus.” 

Under the paragraphic caption “slipping of the long head of the 
biceps” Estes® in 1922 stated that “a loose position of this tendinous 
part of the biceps occasionally causes disability and can be remedied 
by severing the attachment near the head of the humerus and thus throw- 
ing it out of action.” As an anatomist largely unfamiliar with surgical 
procedure I cannot help but express my surprise at the naive and 
heroic treatment suggested for the alleged condition. 

Steindler in 1923 stated : 

The biceps tendon often is displaced from its bed in the sulcus inter- 
tubercularis and in the majority of cases only a few strands are left of the 
intra-articular portion of the tendon, since the rupture occurs very near to 
the place of origin at the upper margin of the glenoid cavity. Often the upper 
extra-articular portion of the tendon is adherent to the sulcus intertubercularis, 
being caught at times under a bony ridge. 

I am not at all certain as to the meaning of this paragraph but it 
would seem that the author had in mind only conditions following 
rupture of the tendon. 

I surmise that the statements of Davis and Da Costa are based 
largely on the article of White. After a comprehensive review of the 
literature. White concluded that the cases previously reported “fail 
altogether to carry conviction, the one case which possesses any strong 
element of probability being itself open to reasonable doubt.” The case 
referred to by White is that of Soden. In this case the tendon of the 
long head of the biceps brachii was supposed to have been dislocated by 
a fall on the elbow which forced the humerus upward against the 
acromion. Unexpected and strange results, no doubt, often follow 
accidents, yet it seems unlikely that this tendon could be thus dislocated 
Avithout other injury to the joint. It would be forced more firmly into 

7. Binnie, J. F. : Surgery of the Muscles, Tendons and Bursae, in Keen, 
W. W. : Surgery, Its Principles and Practice, Philadelphia, 1907, 2. 

8. Frick, W. J.: Traumata of the Lower Extremity: A Treatise on 
Regional Surgery 3, Philadelphia, 1917. 

9. Estes, W. L.: Deformities of the Shoulder, in Ochsner, A. J.: Surgical 
Diagnosis and Treatment 4, Philadelphia, 1922. 

10. Steindler, Arthur: Reconstruction Surgery of the Upper Extremity, in 
Surgical Monographs, New York, Lewis, Pool and Elting, 1923. 
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the sulcus by an upward displacement of the humerus, if such were 
possible without fracture of the acromion. It is much more likely that 
Soden’s case was one in which the tendon had been dislocated before 
the occurrence of the foregoing accident, that is, that it was similar to 
those here reported and that the accident only revealed the condition. 

After a review of the literature and a four page anatomic descrip- 
tion of the shoulder in which White used two figures from Gray not 
true to life and inadvertently not credited, he gave a fourteen page 
discussion of a case that he had seen as a consultant three years previ- 
ously. Although White’s title is "a case of supposed dislocation of the 
tendon of the long head of the biceps,” he nevertheless concluded his 
discussion with the opinion that it was one of uncomplicated luxation. 
Unfortunately, however, neither the case nor White’s analysis of it 
compels this conclusion for White erroneously assumed that: (1) Con- 
siderable space normally exists between the acromion and the humerus ; 
(2) the tendon of the long head of the biceps depresses the head of the 
humerus, thus normally maintaining an acromiohumeral interval; (3) 
the subscapularis necessarily acts more powerfully as a medial rotator 
after the humerus has been forced against the acromion; (4) pressure 
from the displaced tendon of the long head of the biceps on the tendon 
of the subscapularis stimulates the latter muscle to spasmodic contrac- 
tion; (5) the dislocated tendon of the long head would itself strongly 
aid medial rotation of the humerus; (6) the supraspinatus is a powerful 
lateral rotator; (7) the acromion on the affected side was tilted upward 
by “the presence of the head (of the humerus, A. W. M.) just beneath 
its tip,” and (8) medial dislocation of the tendon of the biceps will 
put the tendon on the stretch because the distance between the 
opposite terminal attachments of the muscle is increased under these 
circumstances. 

It seems unnecessary to discuss these misconceptions for their 
erroneous nature is self-evident. White also believed that he palpated 
an emptj’^ intertubercular sulcus from to 2 inches (3,7 to 5 cm.) 
distal to the acromion where the sulcus is shallow and where it lies 
beneath the deltoid and the broad tendon of the pectoralis major. He 
also thought that he felt the dislocated tendon itself, but apparently was 
somewhat in doubt although he mentioned the fact three times. It is 
to be doubted whether White could feel the sulcus in the location stated. 


for he reported that the “bursae and capsule” over the region of this 
groove “were drami so tightly and were so tense by reason of their 
connection with the sheath of the tendon that swelling could not occur 


(the succeeding S3-mptom . . . wdll explain my reason for thinking 

that this sheath \\'as put greatly on tlie stretch, but not lacerated).” If 
must also be remembered that the patient was a carpenter and that the 
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deltoid hence probably -.was well developed, thus adding to the difficulty 
of palpating sulcus or tendon. However, the most convincing thing 
against the genuineness of White’s case is its assumed genesis. White 
stated that the dislocation was produced by a fall from a height 
of 6 or 8 feet in which the right shoulder was struck a glanc- 
ing blow from above and medially, hut without subsequent ecchy- 
inosis except along the region of the intertuhercular sulcus. It is 
exceedingly doubtful, indeed, that a blunt edge such as that of a piazza 
floor could gouge the normal tendon of the biceps out of its groove, 
detach the articular capsule and not seriously injure the deltoid and the 
overl 3 dng skin. When it is recalled how completely the distal portion of 
this tendon is covered by the retinaculum and how firmly the articular 
capsule holds it in the groove in the intertuhercular region, dislocation 
of it under such conditions seems wholly inconceivable, in a normal 
joint. However, as in the case of Soden, it is possible that the tendon 
of the biceps in this. case had been dislocated before the accident or that 
it was a case in which the tendon had previously been destroyed and 
had obtained a secondary attachment in the region of the lesser tuberos- 
ity, Since this patient also was a carpenter this assumption gains 
greatly in probability. 

As the tendon of the long head, in all cases of its dislocation which 
have come to my notice, was still in the sulcus in the region in which 
White thought that he felt it absent, it seems not unlikely that what 
White took for. the displaced tendon of the long head w^s the tendon 
of the short head, which is easily palpable. 

I realize fully that an anatomist cannot speak with authority on 
matters of palpation except that he ought to know fairly well whether 
a structure is located in a region in which it is alleged to be palpable. 
I cannot refrain from expressing my skepticism regarding the general 
statement of Da Costa that a dislocated tendon "can be felt and a hollow 
exists where it normally lies.” Think of palpating the tendon of the 
plantaris. Da Costa further stated that “when the muscle contracts the 
tendon is felt to slip from its groove.” If so, then it surely cannot have 
been permanently dislocated nor its groove been palpable. Da Costa 
further held that “when the bicepsi is dislocated the head of the bone 
passes forward (so called • subluxation of the humerus).” It must be 
evident that anterior dislocation of the tendon of the long head of the 
biceps might tend to displace the humeral head posteriorly but not anteri- 
orily. As a matter of fact, however, the humeral head showed no 
displacement whatever in the four cases of maximal dislocation of the 
tendon of the long head which I have observed in the dissecting room, 
and there is no reason to suppose that postmortem restitution took place. 
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I saw the first of my four cases some years ago. Since then I have 
observed three more instances of complete dislocation, making a total 
of four among 286 cadavers, or 1.25 per cent. Of these, 235 were 
male and fifty-one female cadavers. Only one of the four cases was 
observed in the body of a woman. All occurred in adults and the ages 
ranged between 50 and 80 years. 

This is an amazingly high incidence for so strange a happening, but 
I surmise that an earlier recognition of the occurrence of this condition 
on my part and a closer scrutiny of the dissecting room material, would 
have revealed additional cases of incipient dislocation at least. It must 
be remembered, however, that the incidence of this condition in the 
general population of the same ages undoubtedly is far lower, for a 
much smaller percentage of them are hewers of wood and drawers of 
watqr. Yet the condition undoubtedly is common enough but remains 
undiagnosed. I myself failed to recognize two other cases discussed 
in 1924 as cases of relatively early dislocation.^^ Reference to Figure 7 
in that article will show that the “widening” of the intertubercular 
sulcus on which I commented really represents a transition stage in the 
dislocation of the tendons. 

It is doubtful whether severe or sudden strain, even if prolonged 
or repeated, can produce this dislocation. It probably cannot be regarded 
as an effect of sudden exertion for in all these four cases, months and 
probably decades, if not years, of prolonged wear and strain undoubt- 
edly were necessary for its production. Probably strenuous and long 
continued use resulting in capsular defects alone can produce the condi- 
tions necessary for its occurrence. I have previously reported that 
considerable destruction of the superior portion of the articular capsule 
can exist -without evident injury or destruction of the tendon of the 
long head, and the opposite also is true.^^ This fact can be explained 
only by assuming that the destructive agent is noninflammatory and that 
the destruction proceeds gradually, for it is only in this way that the 
parietal layer of the synovial membrane can be destroyed and an unaf- 
fected tendon exposed for a considerable extent. 

It was not surprising to me that this tendon might be displaced 
slightly anteriorily while being severed by attrition and before it secured 
a firm secondary attachment near the lesser tuberosity. But this is 
quite a different thing from the dislocation of a perfectly intact tendon 
over an intact lesser tuberosity. 

Eveiy^ anatomist is aware of the varying prominence of the tuberosi- 
ties and the tubercular crests and hence also of the varying depth of 
the intertubercular sulcus. But in spite of such variations the tendon 

11. Meyer, A. W. : Further Evidences of Attrition in the Human Body, 
.^m. J. Anat. 34:241 (Sept.) 1924. 
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of the long head usually is anchored so securely by the strong capsular 
attachments that bridge the proximal portion of the sulcus, and by the 
retinaculum bridging it farther distally, that dislocation of the underlying 
tendon would seem to be impossible as long as these structures are intact. 
Sudden contraction of the muscle could not injure them sufficiently to 
disengage the tendon. 

The intertubercular sulcus sometimes even extends over the periph- 
ery of the articular cartilage and the tendon is held firmly down in 
the sulcus by muscular tone and contraction. Moreover, during con- 
traction of the biceps, in the position of medial rotation of the arm, the 
tendon would be pressed against the anterior surface of the greater 
tuberosity, not forward against the lesser. As long as the tendon of 
the long head remained in the sulcus it would hence pass obliquely 
upward and backward from the proximal portion of the sulcus to its 
point of origin, in the position of medial rotation of the humerus. Con- 
sequently, energetic contraction of it in this position would tend to 
dislocate it backward, not forward. This, however, would be impossible 
without detachment of the capsule and the insertion of the supraspinatus. 

It is true that the more distal portion of the retinaculum — ^the trans- 
verse humeral ligament — varies considerably in strength, but displace- 
ment of the tendon in the more distal portion of the sulcus was slight 
in these four cases. It practically remained in place here. Sometimes 
the retinaculum immediately distal to the tuberosities forms a thick 
tendinous band, which would be unlikely to yield under any conceivable 
intravitam circumstances except external trauma. At other times, how- 
ever, it is extremely thin and cannot, by itself, be regarded as an 
important factor in retaining the tendon within the sulcus. But this 
can be a matter of secondary importance only, for the yielding that must 
initiate dislocation of this tendon must occur in the intertubercular 
region at the place of attachment of the articular capsule, which is thick- 
ened in this region. 

The uninjured tuberosities always form an impassable barrier for 
the tendon as long as the capsule does not yield. The tendon can only 
be displaced after being lifted sufficiently to slip over either tuberosity. 
In the cases I have observed it always was displaced over the lesser 
tuberosity, never over the greater. The extent to which the tuberosities 
prevent displacement .is, however, determined largely by the position 
of the brachium. In the position of marked medial rotation the lesser 
tuberosity ceases to be an obstacle to anterior displacement of the tendon, 
but unless the latter is relaxed considerably it would be urged against 
the medial surface of the greater tuberosity under these circumstances, 
by muscle tone and contraction. 

In one of these four cases of dislocation saccular extensions of the 
articular cavity were contained in the greatly thickened capsule in the 
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region of the sulcus. These diverticula were about 2 by 0.5 cm. in size 
and opened by means of narrow necks into the proximal portion of the 
intertubercular sulcus. Both . diverticula had a trabeculated wall and 
probably were produced by contact of the articular capsule with the 
coracoid, between which and the tuberosities it had been rolled in every 
medial rotation of the brachium. That these capsular diverticula prob- 
ably were formed in this way is suggested by such facts as those reported 
by me in 1921 and 1924.^^ 

In the latter article I stated that two superimposed bursae sometimes 
are found in the region of the olecranon. I recently have observed a 
similar condition under the acromion. In addition to the normal sub- 
deltoid or subacromial bursae, an additional small bursa was contained 
in the connective tissue overlying the periosteum on the under surface 
of the acromion. This bursa, which was approximately a centimeter in 
diameter, very evidently had formed in the subacromial connective tissue 
by contact with the greater tuberosity during abduction. However, the 
implication is not that there necessarily exists a similar direct contact 
between the humerus and the coracoid in such cases as those just referred 
to. That is ordinarily impossible. 

The only case in which I have observed polishing of the coracoid was 
one of cancer en cuirasse, referred to in a former paper In this case 
neoplastic infiltration and consequent contraction of the greater pectoral 
muscles had drawn the humeri forward against the coracoids and resulted 
in partial destruction of them and of polishing of their surfaces and of 
the contiguous part of the heads of the humeri. Before this contact 
was possible the anterior portion of the articular capsule had to be 
destroyed, to be sure. The same thing applies to the periosteum over 
the coracoid, the articular cartilage of the humeral head and to the inter- 
vening connective tissue. Aside from this case, I have never seen it, 
and I know of no evidence indicating that contact between the coracoid 
and the humerus is possible, under normal conditions. I did not find 
such wear present in humeroscapular articulations in which the entire 
upper half of the articular capsule had been destroyed by use. 

Anterior dislocation of the long head of the biceps must result in 
relaxation of the tendon for the interval between its two opposite points 
of attachment is decreased thereby. Hence there must be a reduction 
in tlie effectiveness of the contraction of the lateral portion of the muscle. 
However, it is possible that this relaxation of the tendon may in the 

12. Meyer, A. W. : Unrecognized Occupational Destruction of the Tendon 
of the Long Head of the Biceps Brachii, Arch. Surg. 2:130 (Jan.) 192 . 
Footnote 11. 

13. Meyer, A. W. : Further Observations Upon Use-Destruction in Joints, 
J. Bone & Joint Surg. 4:491 (July) 1922. 
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course of time be compensated for by greater contraction of its lateral 
belly, but it is doubtful whether such an adjustment occurs promptly. 
Hence the tendon would be more or less relaxed whenever the muscle is 
not active. It also follows that the shoulder joint must be weakened 
somewhat through such a displacement of the tendon of the biceps 
wholly apart from the weakening resulting from a loosening of the 
articular capsule in the injured region. 

Since the migrating tendon presses against the joint capsule in the 
area of advance, it always lies in a capsular and retinacular sling. More- 
over, as soon as it encounters the tendon of the subscapularis, it comes 
to lie on the latter. Because of these things and its protected position, 
the dislocated tendon is not subjected to attrition after it has reached 
its definitive position below and in front of the lesser tuberosity. This 
would be true, I think, even if it were subjected to the same tension as 
before, for it would tend to lie in the shortest line between its two attach- 
ments and hence remain protected. Wliile it lies on the lesser tuberosity 
during transition or intermittently after dislocation it might, however, 
be subjected to decidedly more wear, but it certainly would not be 
absorbed. 

I do not know how much pain and disability may accompany this 
dislocation, but it is more than likely that more or less discomfort is 
present and that a person so affected would protect the joint concerned 
by vicarious use of the other extremity, and thus save the yielding cap- 
sule or the displaced tendon. 

In each of these four cases of dislocation it was easy to replace the 
tendon in the sulcus, but I doubt whether it would remain there in the 
living even if the detached capsule were sewed securely to the underlying 
bone, unless this procedure were accompanied by a change in occupation 
which not only made forcible contraction of the biceps unnecessary, but 
also obviated the movements responsible for the displacement. Surgical 
intervention, no doubt, would provoke bony proliferation and result in 
the formation of undesirable adhesions, and merely to sever the tendon 
seems wholly unjustifiable. It would seem that it should at least be 
attached in the region of the tuberosities where the spontaneously severed 
tendon so often becomes adherent. 

Marked abduction of the upper extremity would continue to cause 
buckling of the joint capsule against the acromion as before, and would 
be accompanied by attrition as before. This, if excessive, would again 
lead to destruction of the new capsular attachment and to redislocation 
if not to destruction of it. These, however, are matters for surgeons, 
and I like to remember the old saying, let not the cobbler go beyond his 
last. 
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It must be evident that the shifting of the intact tendon of the long 
head of the biceps here reported is quite a different thing from the par- 
tial destruction of it and of the supraspinatus and subscapularis tendons 
accompanying some cases of complete destruction of the superior half 
of the humeroscapular capsule. However, both conditions apparently 
are due to use. The destruction of the tendon of the iliopsoas some- 
times seen in connection with fracture of the neck of the femur with 
consequent upward displacement of the bone with resulting contact 
between the lesser trochanter and the tuberosity of the ischium also is 
due to wear, but not under normal conditions of tlie joint. I have seen 
destruction of the latter tendon also in a case of upward displacement 
of the acetabulum, or rather of a relocation of the acetabulum at a 
higher level on the ilium. However, these and other similar phenomena 
are quite different things from the dislocations of the uninjured tendon 
of the long head of the biceps brachii here under consideration, and only 
incidentally are occupational in ori^n. 

An examination of several hundred humeri fails to reveal variations 


in the intertubercular sulcus or in the lesser tuberosity at all adequate 
to account for this surprising dislocation. Nor do I know of capsular 
anomalies responsible for it. It is not necessary that attrition against 
the acromion during abduction should first completely destroy or loosen 
the articular capsule in the region of the lesser tuberosity before this 
dislocation can begin, although such destruction was present in three of 
these four cases. In the other case, lesser attritional defects were 
present in the capsule only. The lesser tuberosity itself had not been 
materially affected. 

The exact position of the dislocated tendon depends, to be sure, on 
the degree of displacement which it has undergone. When completely 
dislocated, that is, when the displacement has been maximum, the tendon 
extends downward and forward from its scapular attachment at the 
supraglenoid tubercle and the adjacent fibrocartilage. It lay closely 
against the anterior portion of the articular capsule in all four cases, and 
was entirely free from adhesions. It is highly probable that the synovial 
sheath that is carried forward with it, although greatly widened in the 
process of dislocation, is largely responsible for the absence of attritional 
effects on the tendon. 

The fact that the tendon was not adherent and wholly preserved, even 
when the entire superior portion of the articular capsule was completely 


destroyed, shows conclusively that arthritic processes were not respon- 
sible for its dislocation. An arthritis, severe enough to destroy the entire 
tliicker upper half of the articular capsule, and rarely also the tendon 
of the supraspinatus, certainly would not leave the tendon of the long 
head of the biceps or the thin inferior portion of the capsule intact. "Vet 



MEYER— TENDON DISLOCATION 


119 


the latter was invariably the case. I have never seen this portion of the 
capsule affected in the least, no matter how amazing the destruction in 
its upper portion or how great the bony changes. 

In regard to the genesis of this novel dislocation, it seems to me that 
it can be produced only after destruction of the superior portion of the 
articular capsule, and then only in the position of marked abduction and 
lateral rotation, facilitated, perhaps, by flexion of the forearm in the 
position of supination. Such conditions would produce a maximal relax- 
ation of the tendon and permit it to be carried forward over the lesser 
tuberosity. Once dislocated it probably would always remain so, espe- 
cially if continued attrition in the region of the tuberosities lead to bony 
proliferation and partial or total obliteration of them and of the inter- 
tubercular sulcus. 

I have not, as yet, reviewed the published cases of rupture of this 
tendon, nor have I ever seen a case, but am prompted to suggest that 
weakening by attrition may be an important predisposing, if not an 
invariable, cause for this accident. It is evident that rupture of this 
tendon must have occurred in all cases in which I found it divided by 
friction, and in which it had not previously secured a firm secondary 
attachment in the region of the lesser tuberosity. Moreover, had any of 
these patients, or those with dislocation of the tendon here reported, sus- 
tained an injury of the shoulder, it would have seemed that this accident 
had produced the rupture or dislocation instead of merely furnishing 
circumstances that directed attention to the conditions. 
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As a rule little consideration is given to the prevalence of respirator)’ 
infection in the community as an important factor in the incidence and 
the etiolog)’ of pulmonar)?^ complications after anesthesia and operation. 
An analysis of a series of such cases has impressed us with the impor- 
tance of infection, especially epidemic respiratory infection, in the 
causation of these conditions and lias prompted this report. 

In the surgical dhdsion of the Hospital of the University of Pennsyl- 
vania during the last thirty-tivo months a study has been made of these 
conditions. As soon as a patient, after anesthesia and operation, is 
suspected of having a respiratory complication by the surgical house 
officer, a medical consultation is requested and tlie patient remains under 
the care of the medical consultant until tlie complication is terminated. 
Clinical findings are checked whenever possible by roentgen-ray exami- 
nations. On the basis of these obsen^ations an attempt has been made 
to evaluate tlie relative importance of the various etiologic factors in 
these conditions. 

INCIDEICCE 

During tlie period from Sept. 1, 1922, to May 1, 1925, 5.966 opera- 
tions were performed in the surgical sendee. This includes the depart- 
ments of general surgery, neurosurgery and geiiito-urinary surgery. It 
does not include the departments of g}mecolog)% obstetrics, ptolatyn- 
goIog)% ophthalmolog)' or the surgical outpatient clinic. In the 5.966 
operations, sixtj'-nine respiratory complications after anesthesia 
occurred, an incidence of 1.15 per cent. An analysis of these complica- 
tions is sliovra in table 1. 

The diagnoses bronchopneumonia and lobar pneumonia, as is usual, 
comprise tlie majority. 61 per cent, in our series. The diagnosis in each 
instance was that made by the medical consultant and in tiventy-nine of 
the sixty-nine cases was confirmed by roentgen-ray examination or 
necropsy or both. 

*From surgical dmsion B'and the medical division of the Hospital of the 
University of Pennsylvania. 
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ETIOLOGY 

The contributing causes of postanesthetic, postoperative pulmonary 
complications have often been enumerated. They include a preexisting 
respiratory infection, acute or subacute, as met with so often in patients 
for emergency operation, or the various types of chronic respiratory 
disease, not omitting sinus infections; prolonged anesthesia; undue 
chilling of the body due to such factors as improper clothing and cover- 
ing, delay in transport to and from the operating room in drafty hall- 
ways, excessive exposure in the operating room during the course of a 
prolonged operation, and a failure promptly to change moist garments ; 
the aspiration of mucus and septic material; diaphragmatic paralysis 
following injudicious retraction in operations in the upper part of the 
abdomen ; lung embolism, and finally, massive atelectasis due, according 
to Chevalier Jackson, to plugging of amain stem bronchus by inspissated 
mucus and the subsequent absorption of air from the distal lung. 

We were interested to note that our sixty-nine cases of respiratory 
complications fell into two rather sharply defined groups. The larger, 

Table 1. — Analysis of Cases in Which Operalicns Were Performed 


Xumbcr of Ciises Perrcntage 


Bronctiopncumonla 

Lobar pneumonia 

Acute bronchitis 

Hypostatic pneumonia. 

Embolism 

Masslre collapse. 


22 

81.9 

20 

28.9 

12 

17,4 

9 

2.9 

11 

10.0 

2 

2.9 


Total, 


100.0 


consisting of fifty-six cases, presented lesions, lobar pneumonia, broncho- 
pneumonia and bronchitis, in which infection certainly played a part. 
Fourteen of the fifty-six patients gave a history of an acute respiratory 
infection before operation, and in nine of these the operation was of 
an emergency character. This larger group showed a definite seasonal 
incidence, while the thirteen cases of the smaller group, including 
embolism and atelectasis, occurred scattered throughout the year with 
no suggestion of a seasonal variation. 

In the accompanying chart the lower curves show the incidence of 
acute respiratory infection — ^pneumonia, tonsillitis, influenza and bron- 
chitis — ^as observed in the medical division of the hospital during the 
period covered by this stud}'. The solid line represents the total 
number of cases and the broken line the deaths. The upper cun'cs 
illustrate the incident and the death rate in the surgical division of the 
group of postoperative, postanesthetic lobar pneumonia, bronchopneu- 
monia and bronchitis. Because of the smaller number of ca.ses in the 
surgical group the abscissa of the upper cun^es was made four times 
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greater than that of the lower in order to accentuate the variations. A 
rough parallelism between the two is readily seen. 

It is probable that many of the patients admitted to a surgical 
service at a time when respiratory infections are prevalent in the com- 
munity harbor the infectious organisms in their respiratory tracts. It is 
conceivable that any factor that lowers the patient’s resistance, such 
as exposure or overfatigue, as well as the stress of operation and 



Upper curves: postoperative respiratory complications in surgical division, 
lower: acute respiratory infections in medical division; solid line, cases, 
broken line, deaths. 


anesthesia, might precipitate a pneumonia in such a person. Indeed, it 
has not been a rare occurrence to observe at such times the spontaneous 
development of pneumonia in patients who were being studied in the 
hospital preliminar}' to operation. 

It would seem, therefore, that at a time when respiratory infection 
is epidemic in the community- the surgeon should be conserv'ative m 
recommending an operation of a nonemergency character, a precaution 
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that the nose and throat surgeon has long appreciated and obsen-ed. 
The patient should be observ^ed in the hospital for several days before 
operation rather tlian be brought to operation immediately after admis- 
sion. The presence of even a slight cold should be considered at such 
times a contraindication to anesthesia. 

At such times, also, unusual precautions should be taken in tlie 
sterilization of the anesthetist’s armamentarium, in tlie restriction of 
visitors, and in preventing ph 3 ^sicians, nurses and attendants suffering 
witli colds from coming in contact witli the surgical patient. It is only 
necessary to refer to the 30 per cent mortality' in the infectious group 
of respiraton* complications to show the importance of these precautions. 

The temperature records of the patients in this series were studied 
for possible information as to the factor of chilling. Eleven of the 
sixt 3 ^-nine patients were returned from the operating room with a sub- 
normal temperature, 97 F. or below, which persisted for from three to 

Table 2. — Incidence of Subnormal Temperature After Operation 


Complicated Uncomplicated 


Total number of cases 69 120 

Cases iritb subnormal temperature alter operation 11 6 

Percentage 16 5 


Table 3. — Sex and Ward Incidence 


Ward Cases Deaths 

Men’s Trard 1 2S 9 

Men’s ward 2. 1 0 

Women’s ward 9 3 


fifteen hours. These patients were not in a state of surgical shock so 
that this factor as a cause of subnormal temperature maj’ be eliminated. 

For comparison, the records of 120 operative cases having no respi- 
ratory complications were taken at random, ten cases from each montli 
over the period of a year, Onl}”^ six of these showed a subnormal 
temperature and it lasted six hours or less. 

The surgical division has two men’s wards and one women’s ward. 
Men’s Ward 1 and the women’s ward have the same number of beds 
and are exactlv alike in construction, ha\’ing the same northern and 
eastern exposure, the one being situated immediately above the other 
in a new wing of the hospital. The number of patients treated per year 
in the women’s ward is distinctly greater tlian that in the men’s ward, 
yet tlie incidence of respiratory complications is three times greater 
among the men than among the women. 

This striking difference in sex incidence is noteworthy. Various 
factors may play a part in its production. It is possible tliat women 
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have a higher natural immunity to respiratory infection (which some- 
one has recently attributed to the “hardening" that women undergo as 
a result of modern dress). Because of their more sheltered existence 
it is also possible that they are less exposed to epidemic infections, and 
therefore are less likely to harbor the infectious organisms at the time 
of admission to the hospital. We have found no confirmation of the 
sex incidence in the literature. 

Men’s Ward 2 is situated in an older section of the hospital with 
a southern exposure and is flanked on the east and west by two wings 
that prevent the direct access of high winds. Its bed capacity is greater 
than that of either men’s Ward 1 or the women’s ward, but the number 
of patients in it per year is smaller. However, the type of patient in 
this ward presents a poorer surgical risk than those in the other wards, 
including, as it does, all septic cases. The small incidence in this more 
protected ward is therefore striking. It is worth considering in the 
planning of hospital contruction that in our striving for light and venti- 
lation we may be unwittingly adding harmful exposure. 

Table 4. — Mortality 


Number of Oases Deaths Percentage 

I. Infectious group (pneumonia, etc.) 56 22 ^.9 

II. Embolism; collapse 18 6 io-l 

Total 69 28 40.6 


MORTALITY 

The gravity of postanesthetic, postoperative pulmonary complica- 
tions is obvious from the foregoing figures. We have attempted to 
determine some of the factors that play a part in this high death rate. 


Table S. — Length of Aiiesthesia and Mortality 


Anesthesia 

15 to 30 minutes.. 
81 to 90 minutes.. 
91 to 240 minutes. 


Recovered Died 

14 2 

28 IS 

7 5 


Per Cent 

14.S 

46.4 

71.4 


The danger of prolonged anesthesia, well known as it is, needs 
nevertheless to be constantly emphasized. Our figures show a distinct 
increase in the mortality of the complicated cases in direct proportion 
to the duration of the anesthesia. 

Table 6. — Age-Mortality Incidence 

Cases Deaths Per Cent 

ij. o 28.5 

an 12 40.0 


Ago 

Prom lto20. 
Prom 21 to 40. 
From 41 to 60. 
61 plus 
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There is little variation in the death rate in patients under the age of 
sixty. In the older patients, as might have been expected, the mortalit)' 
is high. 

Table 7. — Anesthetics Used and Mortality 


Anesthetic Cases Deaths 

IX)cal 8 5 

Gas— local 3 2 

Gas 7 3 

Gas— ether. 13 2 

Ether Zi 10 

Spinal 1 0 


Our series is entirely too small to draw any conclusions as to the 
relative dangers of the types of anesthetic agent. However, in the infec- 
tious group of the complicated cases, gas-ether anesthesia carried a mor- 
tality well below the others, while local anesthesia had a surprisingly 
high death rate. 

SUMMARY 

The importance of the prevalence of acute respirator}^ infection in 
the community as an etiologic factor in postanesthetic, postoperative 
complications is emphasized. Attention is called also to the greater inci- 
dence of such conditions in men and to the possible part played by 
hospital ward construction and by chilling of the patient during opera- 
tion. Prolonged anesthesia and advanced age both definitely increase 
the mortality. 
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Progress in Urology . — Braasch ^ reviews the recent progress in 
urology. He states that most of the present methods of treatment of 
submucous or Hunner’s ulcers of the bladder are unsatisfactory. Sur- 
gical excision is frequently followed by recurrence. Various forms of 
lavage and topical applications also prove to be disappointing. Cauteri- 
zation and fulguration frequently afford relief but not necessarily per- 
manent cure. Braasch feels that alteration of the reaction of the urine 
deserves further study. He also considers the present views on the 
treatment of ureteral calculus and the indications for operation or 
cystoscopic manipulation and concludes by saying: “When a surgeon 
is available who has the ability to carry out either procedure, uretero- 
lithotomy, which is attended by little or no mortality, and usually delays 
the patient but two or three weeks, is often to be preferred to the fre- 
quently tedious attempts at manipulative methods.” Radium, in 
Braasch’s estimation, has not proved as satisfactory in the treatment of 
carcinoma of the prostate and tumors of the bladder as it once was 
thought to be. A proper gradation of the malignancy of a vesical tumor 
and close observation of the patient following treatment will do much 
to standardize our methods of treatment. 

In considering ureteral stricture, he does not look with favor on the 
indiscriminate dilatation of the ureter in all cases of vague abdominal 
pain, but in cases in which a stricture can be definitely shown by the 
urogram, he considers it to be a proper procedure. 

Mercurochrome for intravenous use is found most beneficial in the 
more acute infections of the urinary tract and less so in chronic and 
gonorrheal infections. He considers the use of hexylresorcinol as still 
in the experimental stage. 

1. Braasch. W. F. : A Review of Recent Progress in Urologj', J. Urol. I'S- 
183-192 (Aug.) 1925. 
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KIDJTEV 

Surgical Technic. — Rosenstein/ after reviewing in a critical manner 
the advantages and disadvantages of the various extraperitoneal 
approaches to the kidney, advocates an incision that begins 8 cm. laterally 
from the spinous process of the first lumbar vertebra and extends to a 
point 14 cm, back from the anterior superior spine of the ilium. Cut- 
ting through the underlying latissimus dorsi and superficial lumbodorsal 
fascia brings the operator to the lumbar triangle (Spatium tendineum 
lumbale) bounded anteriorly by the muscles of the abdominal v/all and 
posteriorly and above b)* the iliocostal and serratus posticus inferior. 
The floor of this triangle containing the deep lumbar fascia is incised, 
exposing the fatty capsule of the kidney. The incision is extended up 
to the last rib. The last intercostal arteries and nerves and the ilio- 
inguinal and iliohypogastric nerves are drawn aside, the latter toward 
the iliocostal muscle. By incision of the fatty capsule of the kidney the 
latter is easily exposed. In cases in w'hich there is too small a space 
between the last rib and the iliac crest, resection of the last rib to give 
better exposure is recommended, 

[Ed. Note, — ^The incision, which is based on a muscle-splitting prin- 
ciple, would seem to be a good one. It is a question, however, whether 
its advantages are really greater than that of the Mayo or posterolateral 
incision so widely coming into use in this country. The division of the 
lumbar muscles for exposure of the kidney is followed by prompt 
healing, and hernia through such incision is a rare occurrence.] 

Alcock® says that any procedure in extreme cases is justified if it 
improves the patient's condition more than it increases the difficulties 
of nephrectomy. The division of nephrectomy into Uvo stages is indi- 
cated in only a small proportion of cases. When carried out, it is a 
procedure not infrequently forced on the surgeon after he has tried to 
perform primary nephrectomy. There are t^vo definite surgical proce- 
dures advocated in two-stage nephrectomy: one is ligation of the renal 
pedicle transabdominally ; the second is preliminaty nephrostomy for 
drain^e. The latter is at times necessary on account of difficulties 
which may arise during the course of an attempted primary nephrec- 
tom3\ Chute divides the cases of secondary nephrectomy into two 
groups : the first is made up of those cases in which the operation was 
intentional, and in his series of twenty, nine fell into this group; the 
second comprises those cases in which the operation was forced on 
the operator, either by difficulties arising at the time of operation, or by 

2. Rosenstein, Paul; Ein funktfoneller LumbalschnJtt zur Frcilesrunp’ dcr 
Xicre, Ztschr. f. urol. Oiir. 17:119-126, 1925- 

3. Alcock. N. G.: .A Few Cases of Two-Step Xephrectomfes. J. Urol. 14; 
239-248 (Sept.) 1925. 
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errors of some sort either in diagnosis or judgment. He feeis that 
two-stage nephrectomy in a very limited group of cases of renal infec- 
tion is life saving. He brings out many valuable points in the technic, 
such as the inclusion of the sinus in the second incision, the necessity 
of freeing the kidney posteriorly first, the care to be taken in the reflec- 
tion of the peritoneum, and the difficulties met with in dealing with the 
renal pedicle. In dealing wtih the pedicle he prefers, if possible, to 
ligate the entire pedicle before a clamp is put on, and then to follow 
this with the reinforced ligatures. He says that the preliminary 
nephrostomy makes the secondary nephrectomy more difficult, and that 
the difficulty is increased by the time that elapses between the first and 
the second operation. Alcock has performed preliminary nephrostomy 
in fifteen cases, and secondary nephrectomy in two. In one case, pre- 
liminary drainage had been carried out by another surgeon. In one 
series of ten cases, in which two-stage nephrectomy was premeditated, 
there were four cases of renal tuberculosis, two cases of pyonephrosis 
and four cases of hydronephrosis associated with infection. All these 
patients were in bad condition and preliminary drainage by catheter 
had been attempted. Two of the patients with tuberculosis never 
reached the second operation. In four of the remaining eight cases the 
kidney was removed. The other four patients are now in the interval 
between the two operations. Improvement of the general condition 
after the preliminary operation usually is very marked. 

The removal of the kidney usually is not difficult and there is no 
greater loss of blood than would occur with primary nephrectomy. In 
five cases Alcock started with the intention of performing primary 
nephrectomy and either met with difficulty during the first operation or 
the patient’s general condition became so serious that continuation of 
the operation was undesirable. Drainage of the kidney was effected in 
these cases. In two cases of renal tuberculosis in which nephrostomy 
was performed the general health of the patient was so much improved 
that consent to the second operation was refused. Alcock believes from 
the study of these cases that nephrostomy, as a preliminary step to 
nephrectomy in cases of infection of the kidneys is clearly indicated in a 
small group of cases. Preliminary nephrostomy makes the freeing of 
the kidney more difficult, but the decrease in the size of the kidney, 
the improvement in the patient’s general condition and the decrease m 
the tendency to hemorrhage compensate for the increased difficulty. 
The sinus, if possible, should be included in the second incision. The 
kidney should be freed posteriorly first, and then around the lower 
pole, and the greatest care is necessary in reflecting the peritoneum. 

It is safest, if possible, to ligate the pedicle with one ligature before 
clamps are put on. After that, any further procedures possible m 
controlling the hemorrhage from the pedicle are to be recommended. 
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healtliy kidney first. If no lesions are visible, urine should be collected 
by puncturing the renal pelvis, thus ruling out the possibility of infec- 
tion. If the diseased kidney is exposed first the wound should be 
momentarily packed and the other side explored. This operation may 
be performed in eitlier one or two stages, depending on the patient’s 
condition. In exploration of kidneys in which the condition was 
unknown Cifuentes performed ureterotomy in seven cases. In four 
the exploration was unilateral: in two of these nephrectomy was per- 
formed, followed by death in one case. In three cases bilateral explora- 
tion was carried out; bilateral lesions were present in all and death 
occurred in all.- Bilateral exploration of the kidneys was carried out 
in eighteen cases, in fifteen of rvhich nephrectomy was performed; 
death occurred in one case, and cures followed in fourteen. 

Nephrolithiasis . — ^Jean ® reports the case of a young man who had 
suffered from pain in the right side of the abdomen, hematuria and 
frequency for three years. Appendectomy had not changed his con- 
dition. Roentgenograms revealed a large shadow which was interpreted 
as an enlarged kidney. Ureteral catheters were passed up to a point 
24 cm. above the orifices on both sides; 80 cc. of urine was obtained 
from the right renal pelvis, the last drops being thick pus containing 
staphylococci ; the urine from the left side was normal. A diagnosis of 
right uronephrosis with infection was made. At operation it was 
impossible to locate the kidney through the usual lumbar incision. The 
incision was then prolonged to the right iliac fossa where an enlarged 
kidne)' was found, firmly adherent to the surrounding organs. Its 
anterior surface was lying against the posterior surface of the bladder ; 
its external border was in contact with the right common iliac vein ; its 
internal border was adherent to the rectum. No suprarenal body was 
found. The kidney was removed and the patient recovered unevent- 
fully. Pathologic examination showed a pyonephrotic kidney with a 
stone 1 cm. in diameter in one of the calices near- the hilum. This 
variety of anomaly is rare; only about fifty cases have been reported. 
Jean says that hydronephrosis is quite common in ectopic kidneys; the 
proximit}’- to infected organs is probably the cause of the infection; 
lithiasis occasionally occurs; errors of diagnosis are numerous. He 
believes that the diagnosis should have been made in his case on 
account of the presence of an atrophic testis, but he was misled by the 
roentgenogram and by the fact that the ureteral sound had been passed 
up to at least 24 cm., whereas the ureter was only 6 cm. in length on the 
affected side. He deduces from this experience that a roentgenogram 
of the whole urinaty’ tract and a pyelogram should be taken in all such 
suspected cases, 

6. Jean, G. ; Uropyonephrose et lithiase d’un rein en ectopic ileo-pelviennc, 

J. d’urol. med. et cliir. 19:136-139, 1925. 
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plantar reflexes were lost, and the tendon of Achilles tenderness was lost. The 
vibratory sense was present in the ankles. The pain sense was lost below the level 
of tlie umbilicus on the right and to. about 2 inches (5 cm.) above the umbilicus on 
the left. A neurologic examination by Dr. John L. Garvey, September 7, revealed 
that the patient complained of no pain in the lower extremities but now had a 
sensation of needles touching but causing no pain in the legs. He also complained, 
as before operation, of burning and jerking of the legs. The right patellar 
reflex was normal, the left diminished, and the Achilles tendon reflex was dimin- 
ished. The plantar reflex was normal on both sides. The vibratory sense was 
present. The tendon of Achilles tenderness was lost. The sense of motion and 
position was normal. The pain sensation was lost to the umbilicus on the right, 
to just below the umbilicus on the left (fig. 24). There was no motor paralysis 
but the patient would not try to walk, going about in a wheel chair. Shortly there- 
after he was persuaded to walk. 

The patient returned to the hospital, Jan. 21, 1926. He had had no return of 
the former pain in the legs but had had sharp, intermittent pains in the chest, the 
abdomen, the shoulders and the upper part of the arms. He still had burning in 
the legs, most severe on the left. On the right, only the posterior aspect from the 
middle of the thigh down was involved. He had jerking of the feet and toes 
when recumbent but not when sitting or standing, and had incontinence of urine. 
He now used crutches because the “knees gave way.” On neurologic examination, 
Jan. 25, 1926, the umbilical reflexes were not obtained. The patellar reflexes 
were active and equal ; the tendon of Achilles reflexes were present, more prompt 
on the right. Plantar irritation caused extension of the toes on the right, no 
movement on the left. The tendon of Achilles tenderness was lost on both sides. 
The vibratory, motion and position senses were normal. The tactile sense was 
normal. The pain sense was lost to the level of the umbilicus on the right and to 
an ascending line 2 inches (5 cm.) above the umbilicus on the left. The tempera- 
ture sense was lost below a horizontal level just beneath tlie umbilicus (fig. 26). 

A positive diagnosis was not made. The patient, however, was 
greatly relieved by the loss of the excruciating pain which radiated from 
the ingpiinal region down both legs. The presence of a burning sensa- 
tion in an area in which both pain and temperature sensations are 
completely lost is difficult to explain. A point of interest was the differ- 
ence in the levels of analgesia and thermanesthesia, the former being a 
segment higher on the left and a trifle higher on the right. The reverse 
has been noted in a previous chordotomy case. 

RESUME 

The series of nineteen cases that appear in the American literature 
embrace the reports of Martin and Spiller, Beer, Frazier, Leighton, and 
Frazier and Spiller. The operation has also been performed by Elsberg, 
Ernest Sachs and others in this country but the cases liave not been 
published. The primary conditions in the foregoing series which ulti- 
mately made operation for the relief of pain necessary were : primary 
malignant disease of the spine, three; gunshot injury of the spine, three; 
tabes dorsalis, three; myelitis, two; carcinoma of the rectum, two; 
carcinoma of the cecum, one; carcinoma of the uterus, one; carcinoma 
of the breast, one; sarcoma of the thigh, one; shell wound of the sciatic 
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nerve in the pelvis, one; pain in the vagina and rectum, unlmown origin, 
one. Most of the malignancies have metastasized to the spine or to the 
pelvic glands with direct involvement of the lumbosacral plexus. 

There was satisfactory relief in fourteen, partial relief in five cases. 
By satisfactory relief was not necessarily meant complete absence of 
pain, judging from the records. Actual complete absence of pain was, 
however, obtained in, most of those listed as satisfactory. .One patient 
required three operations before even approximately satisfactory relief 
was obtained. Unilateral chordotomy was perfonned in six cases, bilat- 
eral in twelve. One of the latter had the two anterolateral columns 
sectioned at different times. 

Little data relative to the area of analgesia which should be expected 
following section of an anterolateral tract can be obtained from some of 
the reported cases. This is partially due to the indiscriminate use of the 
cord segments as synonymous with the vertebrae. For example, the 
operation is reported as a section! at the level of the sixth dorsal segment 
when as a matter of fact it was the sixth dorsal spinous process or 
perhaps the fifth dorsal which had been removed, placing the actual 
division of the cord at the eighth or ninth dorsal segment. We realize 
that a definite variation does exist between a given vertebra and the 
numerically corresponding segment. For this reason, we have men- 
tioned in the abstracts of the foregoing cases the number of the spinous 
process removed during the laminectomy whenever such data was 
reported. 

Section of the anterolateral tracts to control pain was, until recently, 
little used by European surgeons. The early reports embrace only four 
cases. Nonne operated in three cases of tabes; one patient received 
relief; one developed a paraplegia, and one died from the operation. 
Tietze at Forster’s request operated successfully in one case. Recently, 
Sicard and Robineau reported twelve patients operated on in the previ- 
ous year. The results were on the whole satisfactory. 

Our series of nineteen cases embrace the following primary condi- 
tions: carcinoma of the uterus or cervix, nine; carcinoma of the breast, 
two ; sarcoma of the leg, two ; carcinoma of the prostate, one ; carcinoma 
of the lung, one ; retroperitoneal malignancy, one ; pain in the legs asso- 
ciated with spasmodic contractions, one; pain in the legs of unknown 
origin, one, and avulsion of the lumbosacral plexus (traumatic sciatic 
neuralgia), one. The cases of carcinoma of the uterus or cervix had 
extensive pelvic metastases, probably with direct involvement of the 
lumbosacral plexus. The two cases of carcinoma of the breast, the two 
of sarcoma of the femur or tibia and the one of carcinoma of the lung 
had metastases to the vertebrae. 

13. Sicard and Robineau: Cordotomie laterale anterieure pour .-Mgies incur- 
ables, Rev. neurol. 1:21 (Jan.) 1925. 
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Two patients required a second chordotoniy; one had relief for 
only ten days after the first operation; the other had no relief from 
the first chordotomy although the area of distribution of the great 
sciatic nerve was analgesic. Both had complete relief after the second 
operation. A third patient had three chordotomies, the first two giving 
analgesia only in the distribution of the sciatic nerves. One, case 19, 
actually had two chordotomies but was not listed as a failure at the first 
since the section of the anterolateral tracts was made in a lumbar 
segment, primarily to determine the resulting analgesia and was only 
incidental to an exploratory laminectomy. 

The final results in our series of nineteen cases were; complete 
relief of original pain in sixteen ; partial relief in two, and complete but 
apparently temporary relief in one. A bilateral chordotomy was per- 
formed on seventeen, a unilateral on two patients. Rhizotomy was 
combined with unilateral section of the anterolateral tracts in one case 
and with bilateral section in another. 

Numerous interesting observations have been made in these nineteen 
cases. The level of analgesia must, of course, be below the segment 
of the cord sectioned, but beyond this self-evident fact the loss of pain 
sense may bear no relation to the segment incised. Rather it is the 
depth of the incision, particularly in the anterior portion of the antero- 
lateral tract, which determines how closely the level of analgesia 
approaches the level of sensory distribution of the segment operated on. 
Illustrative examples are cases 1, 6, 9, 12 and 17. In case 1 bilateral 
section at the eighth dorsal segment resulted in loss of pain and tem- 
perature below the eleventh dorsal segment on the left side and only 
diminished pain on the right. The incision was made 2.5 mm. deep on 
the right while the left tract, which carries tlie fibers from the right 
leg, was divided slightly less deeply. In case 6, a bilateral chordotomy 
between the sixth and the seventh dorsal segments resulted only in loss 
of pain and temperature sensation in the distribution of the great sciatic 
nerve. A second chordotomy at a slightly greater depth gave much 
higher analgesia. Case 12 presents the most striking example; two 
bilateral chordotomies at a depth of 3 mm., the first at the sixth and 
the second at the third dorsal segment, resulted only in analgesia of the 
region of the distribution of the sciatic nerve in the lower part of the 
legs (figs. 10 and 11). However, a third chordotomy 0.5 mm. deeper, 
although at a lower level, gave a much higher analgesia and therm- 
anesthesia. 

The highest level of lost pain and temperature sensation was obtained 
when the incision of the cord extended directly forward through the 
anterior root as in case 18. This resulted in a level of analgesia and 
thermanesthesia approximating closely the level of sensoiy distribution 
of the segment operated on. 
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The level of lost pain sensibility may or may not correspond to the 
level of lost temperature sense. As a rule, these two sensations are lost 
in approximately the same area. Pain perception may, however, be lost 
at a higher or lower level than temperature (figs. 9 and 15). Isolated 
areas of preserved pain or temperature sense may ocair in regions 
otherwise completely anesthetic to these sensations. In some patients, 
we noted a disturbance of pain or temperature sensations, the percep- 
tions being either greatly diminished, frequently but irregularly lost, or 
usually misinterpreted. 

A peculiarity noted in some patients was the interesting observation 
that the original pain of which the patient complained was lost although 
the area to which it had been referred was not completely analgesic. We 
have also noted occasionally that a pin point may be distinguished from 
a pin head although the sense of pain from the pin prick is absent. The 
tickle sense may be pronounced on the sole of the foot even when this 
area is completely analgesic. 

The cutaneous and deep reflexes are not changed by section of the 
anterolateral tracts. When any of these reflexes are modified it means 
that the incision was carried too far posteriorly or that the operative 
manipulations have directly injured the crossed pyramidal tracts. 
Motion of the extremity should not be affected and any loss must be 
attributed to the same factors that affect the reflexes. Tactile sensa- 
tion has never been changed in any of our series. Likewise, the senses 
of motion and position, vibration and localization are preserved. 

OPERATION 

The operation offers no special difficulties to the neurologic surgeon 
but it is not advocated for the surgeon who is not experienced in the 
special technic of intraspinal surgery. The exact level at which chor- 
dotomy should be performed varies somewhat with the case. It is 
essential that the division of the anterolateral tracts shall be at least four 
segments above the area to be rendered analgesic. This is to assure 
crossing of all the afferent fibers. In cases of upper abdominal pain 
we have added to the chordotomy division of the posterior nerve roots 
in the exposed field. This adds about one segment to the area of 
analgesia and protects against the possibility of some fibers crossing at 
a higher level than was anticipated. As a general rule, we have made 
the anterolateral tract division at the level of the fourth, fifth or sixth 
dorsal vertebrae. The cord at this level is more easily accessible than 
at other levels and analgesia should be obtained below the eighth to the 
tenth dorsal segment. Usually three posterior spinous processes are 
removed together with the laminae, as adequate exposure is essential. 
Occasionally only two laminae need be removed, the exact number 
depending on the depth of the woimd. The dura is incised practically 
the entire length of the bony opening. The arachnoid is then carefully 
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and freely opened so that the operative procedure can be done from 
within the arachnoid. This is essential as the presence of the arachnoid 
anterior to the dentate ligament, should it lie against the cord, makes 
exact attachment of the dentate ligament and of the emergence of the 
anterior root obscure. A dentate ligament attachment is then divided, 
the dentate ligament grasped with fine forceps and the cord carefully 
rotated, exposing its anterolateral aspect. 

Two methods may be used in dividing the cord : Either the Frazier 
chordotomy needle or hook may be inserted and then incision made 
against the hook, using this special instrument as a guide to the needed 
depth, or a very fine pointed, sharp knife can be inserted directly. The 
knife should be marked so that a depth of 3 mm. can be definitely 
determined. In our earlier operations, we followed Frazier’s technic 
and divided to a depth of only 2.5 mm. We have found that 3 mm. 
gives more satisfactory results. Incision is made just anterior to the 
dentate ligament reflection from the cord, carried almost directly medi- 
ally, but slightly forward, to a depth of 3 mm., and brought out through 
the origin of a motor root. I think it essential that at the level of the 
emergence of an anterior root the incision should be at a depth of from 
2 to 2.5 mm. ; i. e., the point of the knife, starting at a depth of 3 mm. 
in front of the dentate ligament should be carried directly forward 
parallel to the anteroposterior axis of the cord so that the point of the 
knife will appear at the median side of the anterior root, the particular 
fibers coming off at this level being divided. Little, if any, bleeding 
results from the cord incision. When bilateral chordotomy is indicated, 
the dentate ligament on the opposite side is grasped after division of its 
attachment to the dura, the cord rotated and a similar procedure carried 
out. The dura is then closed with a continuous silk suture and the 
muscle planes with interrupted sutures. 

Throughout the operation no pressure should be brought on the 
cord. All sponging should be with cotton pledgets and no traction made 
on either anterior or posterior roots beyond that necessary to assure 
proper rotation of the cord. The use of suction apparatus almost 
entirely eliminates the necessity of sponging and materially facilitates 
the performance of the more delicate parts of the operation. We have 
found it advisable in certain selected cases to divide the three posterior 
nerve roots exposed in the field. If a unilateral chordotomy is being 
performed, the posterior nerve roots of the opposite side would be the 
ones divided. The two technical points, however, which we wish to 
emphasize especially are the complete freeing of the cord from the 
arachnoid and the division of the anterior median portion of the antero- 
lateral column. 

The postoperative treatment has not differed from that following 
laminectomy. If diffiailty in urination is encountered, I have thought 
it advisable to empty the bladder by pressure above the pubis rather 
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than by catheterization. With the short laminectomy necessitated by 
this operation, the patients can be turned from side to side without 
difficulty. Frequently the patients complain of some pain on moving 
the arms when the incision has been made over the third, fourth and 
fifth dorsal vertebrae. This pain is referred directly to the operative 
wound and generally disappears within a few days. 

Following unilateral division of the anterolateral tracts properly 
performed, there should be complete loss of pain and temperature 
sense on the opposite side up to a level of from three to five segments 
below the level of section. At times, the area of analgesia is still higher. 
Particularly is this true if the incision exten^, as I now believe it 
should, through the anterior root as in case 18, in which the level of 
analgesia and thermanesthesia is practically the same as the level of 
cord section. On the other hand, the area may be much lower, probably 
because certain fibers had not yet crossed, or the incision had not been 
carried to a sufficient depth. 


CONCLUSIONS 

Section of the anterolateral tracts is a justifiable operation to relieve 
intractable pain. In cases of malignant disease it is comparable to the 
more common palliative operations such as gastro-enterostomy in car- 
cinoma of the stomach. 

Rhizotomy alone has not given satisfactory relief of pain. It may 
be combined with chordotomy to insure a high level of analgesia. 

Section of an anterolateral tract should give analgesia and therm- 
anesthesia on the opposite side up to a level approximately from three 
to five segments below the tactile distribution of the segment incised. 
Extending the section through the base of an anterior root may give 
loss of pain and temperature sense to a level corresponding closely with 
the segment operated on. 

The motor function should not be impaired. Tactile, vibratory, 
localization, deep pressure and motion and position perceptions are pre- 
served. Cutaneous and tendon reflexes are unchanged. 

The chordotomy should extend to a depth of 3 mm. immediately in 
front of the dentate ligament and pass directly forward through the exit 
of fibers of an anterior root. This carries the incision to the anterior 
horn and just to the median side of a motor root. Bilateral section of 
the anterolateral columns should be performed when pain is confined 
to one side if the nature of the lesion is such that bilateral pain will 
probably soon appear. , 

In a series of nineteen cases of my own and nineteen cases in the 
literature, reviewed here, the majority of the results were satisfactor}^ 

Chordotomy with section of the anterolateral columns is the prefer- 
able means at our disposal to relieve intractable pain in the lower halt 
of the bod 3 ^ 
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I. INTRODUCTION 

The successful suture of a wound of the heart is not an uncommon 
surgical feat. To the individual surgeon, however, the experience of 
performing the operation is rare, and the subject may therefore receive 
but little consideration until the occasion for carrying out the operation 
is presented. In the numerous case reports of suture of wounds of the 
heart little attention has been directed toward the method of placing the 
sutures for the closure of the wound. “The surgeon having this job 
in hand will take it all in the day’s work, and just as he plunges his 
hand into the abdomen into a mass of blood in a case of ruptured spleen 
or in a case of ruptured tubal gestation and seizes the bleeding spot, so 
he will now plunge his hand into the pericardium and seize the heart, and, 
by digital compression, control the hemorrhage, and proceed to suture 
the wound.” ^ 

The purpose of this article is to review certain phases of the subject 
and to present a method that may aid in the suture of wounds of the 
heart. 

II. HISTORY 

The historj' of wounds of the heart may be divided into the following 
periods : 

1. The period of mysticism in which wounds of the heart were con- 
sidered necessarily fatal. It extended into the seventeenth century. 

2. The period of observation and experiment. 

3. The period of suture, beginning in 1882. 

1. PERIOD OF lIYSTICISil 

The Heart is the chiefe mansion of the Soule, the organe of the vitall faculty, 
the beginning of life, the fountaine of the vitall spirits, and so consequently the 
continuall nourisher of the vitall heate, the first living and last dying, which 
because it must have a naturall motion of itself, was made of dense solide and 
more compact substance than any other part of the body.* 

* From the Laboratory of Experimental Surgery, the Western Reserve School 
of Medicine and the Lakeside Hospital. 

1. Ballance, C. A.: The Bradshaw Lecture on the Surgery of the Heart, 
delivered before the Royal College of Surgeons, Dec. II, 1919, London, Macmillan 
Company, 1920. 

2. Pare, Ambrose: The Workes of That Famous Chirurgion Ambrose 
Parey, translated by T. Johnson, London, T. Cotes, 1634. 
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The story opens with the legends of Homer ® about tlie ninth 
century B. C. In the Iliad is recorded the observation of the movements 
of the heart transmitted through a spear that had transfixed the heart 
of Alkathoos. “The hero Idomeneus smote him in the midst of the 
breast with the spear. . . . And he fell with a crash, and the lance 

fixed in his heart, that, still beating, shook the butt end of the spear.” 
Again, Horner,^ in his narration of the death of Sarpedon, sang; 

Not so Patroclus’ never erring dart; 

Aim’d at his breast, it pierced the mortal part. 

Where the strong fibers bind the solid heart. 

Th' insulting victor with disdain bestrode 
The prostrate prince, and on his bosom trod ; 

Then drew the weapon from his panting heart,” 

The reeking fibers clinging to the dart; 

From the wide wound gush’d out a stream of blood, 

And the soul issued in the purple flood. 

Hippocrates ® stated that “a severe wound of the bladder, of the 
brain, of the heart, of the diaphragm, of the small intestine, of the 
stomach and of the liver is deadly,” but he did not emphasize any 
special, danger of wounds of the heart as did later writers. Wounds 
of the heart undoubtedly occurred in the great Persian wars and in the 
subsequent struggles for supremacy in Greece. Aristotle, Ovid, Celsus 
Pliny and Galen regarded them as absolutely and necessarily fatal. 

Aristotle ^ said : 

The heart alone of all the viscera cannot withstand serious injury. This is to 
be expected because when the main source of strength (the heart) is destroyed 
there is no aid that can be brought to the other organs which depend upon it. 

3. Homer : The Iliad, xiii, line 442, translated by Lang, Leaf and Myers, New 
York, Macmillan Company, 1922, p. 259. 

4. Homer : The Iliad, xvi, lines 588-625, translated by Alexander Pope, Lon- 
don, George Bell & Sons, 1904, p. 299. 

5. In 1898 Empress Elizabeth of Austria perished, suddenly on the withdrawal ^ 
of a file from the heart. Death was due to compression of the heart by the 
collection of blood in the pericardial cavity. Had the signs of increased intra- 
pericardial pressure been heeded, the wound undoubtedly could have been sutured. 
The procedure could have been carried out most safely if the heart had been 
exposed at operation before the file was withdrawn. But at this late date, recent 
as it may seem, the pulsating heart of the human being had been exposed to view 
only a few times and the veil of mystery (to the surgeon) was just being lifted. 

6. Hippocrates: The Genuine Works of Hippocrates, Section 6, Aphorism 
18, translated by Francis Adams, New York, William Wood & Co., 2:252. 

7. Aristotle (384-322 B. C.) : De partibus Animalium, Lib. HI, cap. 4, 
Opera edidit Academia Regia Borussica 3:328. 
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Ovid ® wrote : 

Although Aesculapius himself applies the sacred herbs by no means can he cure 
a wound of the heart. 

Celsus ° stated : 

When the heart is wounded much blood is lost, the pulse weakens, pallor 
becomes extreme, a cold and foul sweat arises from the stricken body, the 
extremities become cold and speedy death follows. 

Pliny said: 

This is the only one among the viscera that is not affected by maladies, nor 
is it subject to the ordinary penalties of human life; but when injured, it produces 
instant death. 

Wounds of the heart were observed in gladiators, and they were 
considered uniformly fatal, according to Galen ; 

Inflammato autem manifesto corde; gladiatores vidimus haud aliter, quam qui 
cardiaca syncope pereunt, obiise. Igitur si ad ventrem cordis vulnus aliquando 
peneraverit, protinus magno cum sanguinis fluore moriuntur, idque praecipue, si 
sinistrae partis venter fuerit vulneratus; si vero non ad ventrem usque pertingat, 
sed in cordis substantia consistat vulnus, ex ita affectis aliqui non solum ea die, 
qua vulnerati fuerunt, sed sequenti quoque nocte vivere potuerunt, inflammationis 
ratione nimirum extincti ; atque ii omnes quamdiu vixerint, mentis compotes sunt ; 
unde evidens quoque sibi testimonium sumere potest antiqua secta, quae negat 
rationalem animae facultatem in corde consistere. 

In the opinion of Paulus Aegineta,^® 

When the heart is wounded, the weapon appears at the left breast and feels 
not as if in a cavity but as fixed in another body, and sometimes there is a 
throbbing motion; there is a discharge of black blood if it can find vent, with 
coldness, sweats, and deliquium animi, and death follows in a short time. 

Fallopius asserted : 

Wounds of the heart are always followed 'by sudden death. When wounded 
it cannot heal, being too firm, always in motion, and of an inflammatory heat. 


8. Ovid (43 B. C.-17 A. D.) : Epistolae ex Ponto, Lib. I, Epist. Ill, lines 
21 - 22 . 

9. Celsus (1st century A. D.) : Medicinae Libri Octo, Lib. V, cap. 26, L. 
Targae, Lugduni Batavorum, by S. and J. Luchtmans, 1791, p. 307. 

10. Pliny, the Elder (23-79) : Historia Naturalis, Lib. XI, cap. 37, translated 
by Bostock and Riley, London, H. G. Bohn, 3:65, 1855. 

11. Galen (130-200?) : Medicorum Graecorum Opera, volumen VIII, Lipsiae 
prostat in officina Libraria car. cuoblochii 1824, De locis affectis, edited by D. C. 
Kuhn, T. VIII, Lib. v, cap. 2, p. 304. 

12. Paulus Aegineta (625-690) : The seven books of Lib. VI, sect. 88, trans- 
lated by Francis Adams, London, Sydenham Society, 1846, 2:421. 

13. Fallopius (1523-1562) : Opera omnia tractatus de vulneribus in genere, cap. 
10, Frankfurt, 1600, p. 163. 
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Wounds of the right ventricle may be differentiated from wounds of the left 
ventricle; from the former comes dark blood, from the latter, red blood. 

Pare wrote : 

By these signs you may know that the heart is wounded: If a great quantity 
of blood gush out, if a trembling possess all the members of the body; if the 
pulse be little and faint, if the colour become pale, if a cold sweate and frequent 
sowning assayle him, and the extreme parts become cold, then death’s at hand. 
Yet when I was at Turin I saw a certaine Gentleman who fighting a Duell with 
another, received a wound under his left breast which pierced into the substance 
of his heart, yet for all that he strucke some blowes afterwards, and followed his 
flying Enemie, some two hundred paces until he fell downe dead upon the 
ground; having opened his body, I found a wound in the substance of the heart, 
so large as would containe one's finger ; there was onely much blood poured forth 
upon the midriffe. 

According to Fabricius : 

If the heart is wounded the affair is desperate, so also if the pericardium is 
wounded. It is, therefore, unnecessary to attempt any treatment. 

Zacchias (1584-1659), according to Fischer,^® reported a case of 
needle wound of the heart in which death did not occur until the sixth 
day after the injury, “hoc quidem mirabile auditu est” because “the 
noblest organ of the body cannot survive a solution of its continuity 
and this is the general medical opinion.” 

Boerhaave said : 

All wounds of the heart deep enough to penetrate into either of its ventricles 
are mortal. 

2. PERIOD OF OBSERVATION AND EXPERIMENT 

The idea that all wounds of the heart were necessarily fatal, estab- 
lished by the ancient authority of Aristotle and Galen, remained unchal- 
lenged until the seventeenth century when there began a period of 
independent observation and experiment. It was the period in which 
Riolan and Harvey made their contributions and, a century later, 
Morgagni and Larrey. 

According to Fischer,^® who carefully reviewed the early literature 
of the subject, the first to advance the idea that wounds of the heart 

14. Pare (1S09-1590) : The Workes of That Famous Chirurgion Ambrose 
Parey, translated from the Latin by T. Johnson, London, T. Cotes, 1634. 

15. Fabricius ab Aquapendente (1537-1619) : Opera chirurgica. Cap. 21, 
Patavii, 1666, p. 104. 

16. Fischer, Georg: Die Wunden des Herzens und des Herzbeutels, Arch. . 
klin. Chir. 9:571, 1868. 

17. Boerhaave (1668-1738) : De Vulnere in Genere, Aphorismi de Cognosccn- 
dis et Curandis Morbis, Aphorism 170, p. 43. 



BECK— WOUNDS OF THE HEART 


209 


can heal and that such wounds are not necessarily fatal was Hollerius 
(1498-1562), and the first authentic description of a healed wound of 
the heart was by Idonis Wolf in 1642. It took over a century, 
however, for this new conception to receive recognition. 

Senac,-“ in 1749, stated that wounds of the heart are always serious ; 
nevertheless, a nonpenetrating wound may heal and may not be fatal. 
An important advance in the knowledge of the subject was made by 
Morgagni in 1761 by pointing out the danger of compression of the 
heart due to hemorrhage into the pericardium. Larrey,-- who had had 
considerable experience in the treatment of wounds of the pericardium 
and heart and who had performed some experiments on the heart in 
dogs, stated that the view generally held by physicians concerning these 
wounds was too grave. In 1829 he reported a case that he treated' by 
passing a catheter into a stab wound of the chest; he obtained three 
beakers of wine colored fluid, and after the passage of a sound obtained 
four more beakers of similar fluid. This, according to Larrey, was 
the first case of a wound of the pericardium in which the patient 
recovered. 

The treatment of wounds of the heart during the first half of the 
nineteenth century consisted of absolute quiet, the application of leeches, 
venesection, and the passage of a catheter or a sound into the wound 
for the evacuation of fluid from the pericardial cavity. Dupuytren 
advised venesection to be carried out almost to the point of exsanguina- 
tion. Jobert in 1839 stated : 

The duration of life is in proportion to the quantity of blood lost and especially 
to that which is contained in the pericardium. I have seen death occur promptly 
in one of these patients, not because of the extent of the wound, but because the 
blood which had been shed, not being able to escape through the narrow opening 
in the pericardium, compresses the heart and opposes the accomplishment of its 
function. This effect is produced only by a compression taking place suddenly 
and it does not take place in the same manner when the compression is established 


18. Hollerius, J. : Communis aphorism! allegati, quoted from Fischer (Foot- 
note 16). 

19. Wolf, Idonis, cited by Fischer (Footnote 16). 

20. Senac, J. B.: Traite de la Structure du Coeur, de son Action, et de ses 
Maladies, Paris, Briasson, 1749, 2:366. 

21. Morgagni, J. B.: De Sedibus et Causis ^lorborum, Lipsiae sumptibus 
Leopold! Vossii, 1829. 

22. Larrey, D. J. : Clin. Chir., Paris, 2:284, 1829. 

23. Dupuytren, Guillaume: Clinical Lecture on Surgery, delivered during 
sessions of 1834 at the Hotel Dieu, Paris, Leqons Orales de Clinique Chirurgicale 
on Wounds of the Heart: Their Varieties, Causes, Symptoms, and Treatment, 
Lancet 1:767, 1834-1835. 

24. Jobert, J. A.: Reflexions sur les plaies penetrantes du coeur, .A.rch. gen. 
de med. 6:1, 1839. 
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little by little, as in hydropericardium, for example. If the blood continues to be 
poured out of the cavities of the heart in great abundance, death will occur 
promptly, but here again the feebleness of the patient and syncope sometimes stop 
the beating of the heart, and there is formed a clot which opposes the further 
escape of blood. 

Numerous case reports appeared during the remainder of this period. 
Cases were compiled, the clinical signs and symptoms were analyzed, and 
the pathology was studied. Purple in 1850 compiled forty-two cases, 
eleven of which were from American sources. In 1868 appeared a 
comprehensive monograph by Georg Fischer^® with a compilation of 
452 cases, only 10 per cent of which resulted in recovery. That wounds 
of the heart might be treated by suture was suggested, but not carried 
out, by Roberts in 1881. 

5. PERIOD OF SUTURE 

The first experiments to suture wounds of the heart were performed 
by Block on rabbits in 1882. Wounds made experimentally were 
sutured, with recovery of the animal, and the feasibility of applying the 
procedure to the human heart was suggested. The subject, however, 
was met with opposition. Thus, Billroth®® in 1883 stated that “the 
surgeon who should attempt to suture a wound of the heart would lose 
the respect of his colleagues”; Riedinger®® in 1888 wrote, “the sug- 
gestion to suture a wound of the heart, although made in all seriousness, 
scarcely deserves notice” ; and Stephen Paget ®® in 1896 stated that 
“surgery of the heart has probably reached the limits set by Nature to 
all surgery: no new method and no new discovery can overcome the 
natural difficulties that attend a wound of the heart. It is true that 
‘heart suture’ has been vaguely proposed as a possible procedure, and 
has been done on animals, but I cannot find that it has ever been 
attempted in practice.” Little support was given to the procedure until 
1895 when Del Vecchio demonstrated to the Eleventh International 

25. Purple, S. S. : Statistical Observations on Wounds of the Heart, and on 
Their Relations to Forensic Medicine, with a table of forty-two recorded cases. 
New York J. M. & Collateral Sc. 14:411, 1855. 

26. Roberts, J. B. : The Surgery of the Pericardium, Ann. Anat. & Surg. 4: 
247, 1881. 

27. Block: Verhandlungen der Deutschen Gesellschaft fur Chirurgie, Elf ten 
Congress, Berlin, 1882, Part 1, p. 108. 

28. Billroth, Theodore, quoted from Jeger, Ernst: Die Chirurgie der Blutge- 
fasse und des Herzens, Berlin, A. Hirschwald, 1913, p. 295. 

29. Riedinger: Verletzungen und Chirurgische Krankheiten des Thorax und 
seines Inhaltes, Stuttgart, Ferdinand Enke, 1888, Part 42, p. 189. 

30. Paget, Stephen: The Surgery of the Chest, London, John Wright & Co., 
1896, p. 121. 

31. Del Vecchio, S.: Sutura del Cuore, Riforma med. 11:38, 1895 
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Medical Congress at Rome healed wounds of the heart in dogs following 
suture. Almost within a year from this date three attempts to suture 
wounds of the human heart were made. The first was by Cappelen 
of Christiania, Sept. 4, 1895 j the second was by Farina of Rome, 
March, 1896, and the third was by Rehn of Frankfurt, Sept. 9, 1896. 

cappelen’s case 

A man, aged 24, received a stab wound in the fourth left interspace in the 
midaxillary line. He walked home bleeding from the wound. About one hour 
later he was admitted to the hospital, at which time he showed signs of hemor- 
rhage, an imperceptible pulse and distant, faint heart sounds. Bleeding from the 
wound had ceased. Camphor stimulated the heart so that the pulse could be felt 
and consciousness returned. There was dulness to percussion over the left side of 
the chest. 

At operation chloroform anesthesia was used. The third and fourth ribs on 
the left side were resected. The intercostal artery was not cut. The left pleural 
cavity contained 1,400 cc. of blood. The lung was not injured. Bleeding continued 
from the depth of the operative field and an opening in the pericardium large 
enough to admit the tip of the finger was found. The pericardium was distended 
with blood. It was opened. A wound in the left ventricle 2 cm. long was 
sutured with chromic catgut and a bleeding coronary artery was ligated. The 
rhythm of the heart was regular throughout the operation. 

During the postoperative period, which lasted two and one-half days, the pulse 
was rapid; cyanosis was present, and there was a slight fever. The cause of 
death was anemia and pericarditis. The wound had not penetrated into the cavity 
of the left ventricle. The bleeding had occurred from the coronary artery. 

farina’s case 

The first case of surgical interference on the heart which I had the oppor- 
tunity of performing was carried out in March, 1896, at the Spedala della Con- 
solazione. The patient was a man 30 years of age who received a blow from a 
very fine and sharp dagger in the fifth intercostal space in the parasternal line. 
The wound penetrated to the cavity in an oblique direction from above down- 
wards and from without inwards. It wounded the pericardium and penetrated 
into the ventricle. The wound in the myocardium was about 7 mm. long. I 
removed the fifth costal cartilage and a bit of the rib for about 15 cm. Then I 
strongly retracted the fourth and sixth costal cartilages. I arrived on the wounded 
heart. I sutured the wound with three silk sutures, and between these particular 
points I placed two others of less importance. Everything went well till the 
fifth day, when a violent bronchopneumonia declared itself on the right side and 
in three days killed the patient. The thoracic wound healed by primary intention. 

, 32. Cappelen, A.: Vulnia Cordis, Sutur af Hjertet, Norsk. Mag. f. Lagevi- 
densk. 11:285, 1896. 

33. Most writers have given to Farina the credit for first suturing a wound 
of the human heart. 

34. Farina: Discussion, Centralbl. f. Chir. 23:1224, 1896. 

35. Rehn, L. : Ueber Penetrierende Herzwunden und Herznaht, Arch. f. klin. 
Chir. 55:315, 1897. 
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At the necropsy the wound in the heart was found perfectly healed. The 
heart was not allowed to be preserved for further study. It was precisely 
because of wy irritation at this fact that I have not published any communication 
on this interesting case. (From a personal letter by Farina to John Bland Sutton 
May, 1910.) 

rehn’s case 

A man, aged 22, was stabbed with a knife in the fourth interspace, three 
fingerbreadths to the left of the sternal margin. After a period of unconscious- 
ness, which lasted three hours, the patient revived sufiEiciently to take about 300 
paces, when he fell, to the ground. He was later found almost lifeless and was 
taken to a hospital. The first day following the injury the sensorium cleared, the 
pulse became stronger and dyspnea decreased. During the second day, signs of 
extreme circulatory failure with cyanosis and marked dyspnea developed and the 
operation was performed. 

An incision 14 cm, long was made in the fourth left interspace and the fifth 
rib was divided in the mammary line. The pleura was opened. Blood distended 
the pericardium and oozed from the stab wound which entered it. The peri- 
cardium was opened widely and the blood within it was removed. A wound 1.5 cm. 
long was found in the right ventricle from which there was active bleeding. This 
was controlled by placing a finger over the wound, but difficulty was experienced 
in keeping the finger properly placed. There was less bleeding during diastole 
than during systole. The wound was closed with three silk sutures placed during 
several diastolic phases. The pulse immediately improved. After the blood was 
removed from the pleural and the pericardial cavities an iodoform gauze drain was 
placed in each. 

The patient recovered and was able to return to work. 

Experiments by Bode®’^ and Salomoni®® further demonstrated the 
healing of such wounds following suture ; and Elsberg,®® by resecting a 
third of the heart in dogs and in rabbits, with subsequent recovery, 
showed that the heart could tolerate extensive surgical procedures. 

There has appeared in the literature a large number of cases in 
which wounds of the heart have been sutured. Ten years after he 
had performed the first successful suture, Rehn^® compiled 124 cases, 
in 40 per cent of which the patients had recovered, and in 1920 Tuffier 
assembled 305 cases, in 50.4 per cent of which the patients had recovered. 
A surgical procedure was thereby introduced which has decreased the 
mortality of wounds of the heart about 40 per cent. 

37. Bode, F. : Versuche fiber Herzverletzungen, Beitr. z. klin. Chir. 19:167, 
1897. 

38. Salomoni: Beitrag zur Chirurgie des Herzens, abst. in Centralbl. f. Chir. 
23:1224, 1896. 

39. Elsberg, C. A.: J. Exper. Med. 4:479, 1899. 

40. Rehn, L. : Zur Chirurgie des Herzens und des Herzbeutels, Arch. f. klin. 

Chir. 83:723, 1907. . , 

41. Tuffier, T.: La Chirurgie du Coeur, Cinquieme Congres de la g)ciete 
Internationale de Chirurgie, Paris, July 19-23, 1920, Extrait. Brussels, Hayez, 
1920. 
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III. HEART TAMPONADE 

Compression of the heart by the collection of blood in the pericardial 
cavity is the cardinal sign in the diagnosis of wounds of the heart. The 
physiology of heart tamponade has received little attention in our medical 
schools and the subject merits discussion. 

That the heart may be compressed by the collection of blood in the 
pericardial cavity and the circulation thereby embarrassed was mentioned 
first by Morgagni-^ in 1761 and later by Jobert^* and by Franck.-*^ 
In 1884 Rose coined the term “herz tamponade” and presented cases 
of wounds of the heart that were fatal, not from exsanguination nor 
from the extent of the injury itself but primarily from compression of 
the heart by a relatively small amount of blood locked in the pericardial 
cavity. Experiments by Cohnheim showed that an increased pressure 
in the pericardial cavity was accompanied by a fall in the arterial pressure 
and a rise in the venous pressure, and that these phenomena were 
brought about by the obstruction to the filling of the heart produced by 
the increased intrapericardial pressure. When this reached the level of 
the venous pressure, the heart, as shown by Kuno,'*® ceased to function. 

In experiments performed by me, an increase in the intrapericardial 
pressure of a column of water 10 cm. in height was followed immedi- 
ately by a fall in the arterial pressure and a rise in the venous pressure, 
and when the intrapericardial pressure was continued the result was 
fatal. On release of the intrapericardial pressure the arterial and 
venous pressures returned to the normal levels (fig. 1), the former 
sometimes showing a compensatory rise of from 10 to 20 mm. of 
mercury above the normal level. During the tamponade the pulse 
pressure decreased, the heart rate increased, and the dog became 
cyanosed. Roentgenograms showed little or no increase in the cardio- 
pericardial shadow during the tamponade (fig. 2). This was to be 
expected, however, because the sudden increasing of the intrapericardial 
pressure by a column of water 10 cm. in height added only from 40 to 

42. Franck, Francois: Sur le Mode de Production des Troubles Circulatoires 
dans les Epanchements Abondants du Pericarde, Compt. rend. Soc. de biol. 1:1242, 
1877. 

43. Rose, E.: Herztamponade (Ein Beitrag zur Herzchirurgie), Deutsche 
Ztschr. f. Chir. 20:329, 1884. 

44. Cohnheim, J. : Lectures on General Pathology, London, New Sydenham 
Society, 1:21, 1889. 

45. Kuno, Yas: The Mechanical Effect of Fluid in the Pericardium on the 
Function of the Heart, J. Physiol. 51:221 (Sept.) 1917. 

46. In experiments on dogs the compensatory rise above the normal pressure 
did not occur regularly after release of the increased intrapericardial pressure; 
it occurred also after section of the vagi, after removal of tiie stellate ganglions, 
and after denervation of the heart. 
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50 cc. to the pericardial fluid and, further, the heart under an increased 
pericardial pressure contained less blood and was actually smaller than 
under the normal condition.^^ 

The rapidity with which the intrapericardial pressure formed was 
an important factor in determining the degree of tamponade. In 
experiments on dogs the injection of 150 cc. of fluid into the pericardial 



Fig. 1. — Effect of heart tamponade: upper curve shows arterial pressure, 
femoral ; middle curve, venous pressure, innominate, and lower curve, intrapericar- 
dial pressure. The intrapericardial pressure was increased 10 cm. of water and 
caused a marked fall in the arterial pressure and a rise in the venous pressure; 
on release of the intrapericardial pressure the arterial and venous pressures 
returned to their former levels. The time is shown in seconds. 

47. That the size of the heart decreased under increased pericardial pressure 
was observed in dogs that died from tamponade due to hemopericardium m 
experiments in which radium was used to produce mitral stenosis or metallic 
bands to produce aortic or pulmonic stenosis. 
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cavity over a period of thirty minutes was fatal. In stab wounds of 
the human heart in which the opening in the pericardium did not allow 
the escape of blood through it, 250 cc. produced a fatal tamponade. 
In cases of effusion in which the fluid formed gradually, from 2 to 4 liters 
were found in the pericardial cavity, as was reported in cases of scurvy 
in Russia.'*® In these cases the pericardium dilated and as its limit of 
elasticity was approached the intrapericardial pressure rose and when 
it equaled the pressure in the venae cavae, blood no longer entered the 
heart and the condition became fatal. 



Fig. 2. — Heart of dog, weighing 12 Kg.; a cannula was tied into the peri- 
cardium and physiologic sodium chlorid solution was introduced; the roentgen- 
ray target and the film were at fixed distances from the heart; tlie position of 
the dog remained unchanged so that the cardiopericardial shadows permit accurate 
comparison; a, before increasing the intrapericardial pressure; b, after increasing 
the intrapericardial pressure by a column of physiologic sodium chlorid solution 
10 cm. in height (sufficient to produce a fatal tamponade). The increase in tlie 
size of the cardiopericardial shadow is slight. 

IV. OPERATIVE PROCEDURES 

1. EXPOSURE OF THE HE.\RT 

Numerous methods for the exposure of the heart have been described 
ill which incisions made in the midline parallel to the sternum were 
utilized, incisions made in various directions to the left or to the right 
of the sternum, and osteoplastic flaps in which one or more ribs were 
reflected. Of the various methods that have been proposed the most 
satisfactory are the median sternotomy and the left intercostochondral 

48. Karanaeff, quoted from Kyber: Paracentesis des Herzbeutels, Ztsclir. 
Ruslands, Saint Petersbourg, 21:161, 1847. 
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thoracotomy. The former provides the best exposure of the heart; 
the latter provides exposure of both the heart and the left lung. 

Median Sternotomy — ^The skin incision extends from the level 
of the second interspace to the midpoint between the umbilicus and the 
xiphoid. The xiphoid may be either removed or separated on one side 
from its ligaments and aponeuroses. The underlying structures are 
freed from the sternum, and a spatula is inserted beneath it to protect 
the heart. The sternum is split longitudinally with a saw or bone 
shear to the level of the second or third intercostal space, where it is 
cut across, care being taken to avoid the internal mammary vessels. 
The sternum is retracted, and the pleurae are dissected laterally with a 
moist sponge. The peritoneum is opened and the anterior portion of the 
diaphragm is incised. The pericardium is opened widely, the incision 
extending to its reflection on the diaphragm.. An excellent exposure 
of the heart is obtained (fig. 3). 

The structures are closed in layers. The sternum should be closely 
approximated with several silver wire sutures that encircle it. 

The operation is not difficult to perform. It is well tolerated by the 
patient. It is the operation of choice in those cases of wounds of the 
heart that are not accompanied by a wound of the left lung, making 
exposure of the latter necessary. If the right lung is involved, exposure 
may be obtained through the midsternal incision by opening the right 
border of the mediastinum. 

Intercostochondral Thoracotomy — ^The incision is made in the left 
fourth intercostal space extending from the anterior axillary line to the 
sternum, where it is continued in each direction along the margin of the 
sternum to expose the third, fourth, fifth and sixth costal cartilages. 
These costal cartilages are sectioned; the internal mammary vessels are 
ligated, and the incision is extended through the underlying muscles into 
the pleura. The structures are retracted and the pericardium is opened. 
The left lung, the left ventricle, and part of the right ventricle are 
exposed (fig. 4). 

Part of the right ventricle and the base of the heart, including the 
auricles, are not exposed. The transverse sinus and the venae cavae are 
inaccessible. The control of hemorrhage by compression of these struc- 

49. Milton, H.: Mediastinal Surgery, Lancet 1:872, 1897. Rehn (Footnote 40). 
Duval, P., and Barasty, P.: De la Pericardotomie Thoracoabdominale mediane 
(Chirurgie du coeur et des gros vaisseaux de la Base), Presse med. 26:437 (Aug. 
29) 1918. Cutler, E. C.; Levine, S. A., and Beck, C. S.: The Surgical Treat- 
ment of Mitral Stenosis: Experimental and Clinical Studies, Arch. Surg. 9: 
(Nov.) 1924. 

50. Spangaro, S.: Sulla tecnica da seguire negli interventi chiru^ici ^r 
ferite del cuore e su di un nuovo processo di toracotomia, Clin. chir. 14:227, 
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tures, therefore, cannot be carried out when this exposure is used. The 
exposure is sufficient, however, to permit direct compression of the 
ventricles in the grasp of the operator. 

To increase the exposure of the heart it has been suggested that 
the second costal cartilage be. divided and that the sternum be split 



Fig. 3 . — Exposure of heart by median sternotomy. 


transversely. If the wound lies in the fifth interspace, the intercostal 
incision should be placed in the fifth rather than in the fourth interspace. 

The method has its advantage in that exposure of the left pleural 
cavity is obtained. It is the method of preference in those cases accom- 
panied by a wound in the left lung from which there is acti\-e bleeding. 
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2 . METHODS OF SUTURE 

What is encountered when the distended pericardium is opened 
depends on several conditions. If there was no active bleeding from the 
wound in the pericardium the bleeding from the wound in the heart 
may have subsided. Active bleeding from the wound in the pericardium 



Fig. 4. — Exposure of heart by intercostochondral tlioracotomy. 


indicates active bleeding within. Wlien the pericardium is opened and 
the tamponade relieved the heart usually undergoes several forceful 
contractions; the circulation is improved, and the patient may regain 
consciousness. The bleeding from a wound in the auricles, while it 
may be marked, depending on the extent of the wound, is continuous 
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and usually can be controlled without great difficulty if satisfactory 
exposure is obtained. If the wound enters the left ventricle or if a 
coronary artery is severed, the bleeding occurs in spurts that may strike 
the face of the operator. The following colorful description is given by . 
Matas : 

More often the heart’s action is violent and tumultuous, and the field of the 
operation is deluged with blood, which gushes out in intermittent streams, spurt- 
ing sometimes beyond the wound in the thorax or folding up into a mass of froth 
which pours out of the external wound in large quantities. This is especially 
true of the cases complicated with a large opening in the pleura, which allows the 
air to rush in and out of the thorax with each respiratory movement and mix 
with the blood, the heart churning and lashing it into a thick crimson foam 
which entirely envelops the organ and hides it from the view of the operator. 
In these imposing circumstances it is impossible to see the wound, much less 
attempt to suture it. Sponging or mopping is worse than useless. There is but 
one alternative. The operator must then resolutely do one of two things : he must 
thrust his fingers into the pericardial sac through the swirl of blood and endeavor 
to locate the wound by palpating with his fingers and then plugging it with the 
finger-tips, if he finds it; or he must grasp the heart with his whole hand and 
drag the bleeding and writhing organ massively out to the thoracic wound, where, 
by gradually relaxing his grasp, the seat of the hemorrhage will be certainly 
identified and the suture can be readily applied. 

Excluding those cases in which the bleeding is moderate and iti 
which the wound can be sutured as easily as a wound in a striated 
muscle, there are, in general, two methods that have been utilized in 
the suture of cardiac wounds. 

(a) Compression of the Base of the Heart . — A method for con- 
trolling hemorrhage from a wound in the heart by obstructing the flow 
of blood by compression of its base was proposed by Sauerbruch 
in 1907. With the right hand the apex of the heart is displaced 
anteriorly while the third finger of the left hand is inserted through the 
great transverse sinus,®® and the fourth and fifth fingers are placed 
posteriorly in the pericardial cavity (fig. 5). Included between the 
third and fourth fingers are the venae cavae with a part of the right 
auricle and the pulmonary veins. By compression of these structures 
the flow of blood into the ventricles can be controlled. The thumb and 

51. Matas, Rudolph: Surgery of the Vascular System; Surgery, Its Princi- 
ples and Practice, edited by W. W. Keen and J. C. DaCosta, Pliiladciphia, W. B. 
Saunders Company, 5:67, 1909. 

52. Sauerbruch, F. : Die Verweudbarkeit des Unterdruckverfahrens bei <Ier 
Herzchirurgie, Arch. f. klin. Chir. 83:537, 1907. 

53. The great transverse sinus in the adult is large enough to admit the sur- 
geon’s finger. This can be done without difficulty at operation if it is remem- 
bered that lying posterior to the aorta and pulmonari’ artery is a free passage 
from one side to the other. 
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index finger of the left hand are free to steady the heart while the 
wound is sutured (fig. 6). 

It was found experimentally that the heart and the brain could 
tolerate ischemia for a limited period of time. This period of safety 
in the dog was one and one-half minutes ; in the cat, three minutes,®^ 
and in the rabbit, three and three-fourths minutes ; if the obstruction 
was continued beyond these limited periods, either the heart failed to 
recover its normal rhythm or signs of degeneration' of the cortical cells 



Fig. S. — First step in method of controlling flow of blood through heart by 
compression of base : third finger is placed through great transverse sinus ; fourth 
and fifth fingers are placed posteriorly in pericardial cavity; by compression with 
the fingers the venae cavae and the pulmonary veins can be occluded. 


54. Cutler (Footnote 49, fourth reference). 

55. Laewen, A., and Sievers, R.: Experimentelle untersuchungen fiber die 
chirurgisch wichtigen Abklemmungen des grossen gefasso in der Niihe des Her- 
zens unter besonderer Beruchsichtigung des 'Verhaltnisse bei der Lungen etnbohe 
operation nach Trendelenberg, Deutsche Ztschr. f. Chir. 94:5, 1908. 






BECK-WOUNDS OF THE HEART 


221 


developed subsequently. To prolong the period of safety it was sug- 
gested that intermittent or only partial obstruction to the flow of blood 
be effected during the process of suture. 

From experiments on dogs Rehn concluded that the metliod was 
not safe, but that in certain human cases its application was a necessity. 
That the ventricles themselves can be grasped forcibly in the hand of 
the operator and the wound sutured was shown in several successful 
human cases. 

(b) Plugging the Wound zvith the Fingers . — ^To stop the bleeding 
by inserting the distal phalanx of one or of several fingers into the 



Fig. 6. — Second step in method of controlling flow of blood through heart by 
compression of base ; the heart is steadied between the thumb and tlie inde.'c finger. 


wound comes to the surgeon as a conditioned refle.x. Moments are 
thus afforded in which one suture can be placed which, when tied oji 
removal of the finger, helps to control the bleeding. Additional sntnres, 
if necessary, can be placed. 

3. DISPOSITIOX OF THE PERICAKDifM 

The handling of the pericardium is an important factor in cardiac 
surgery. It may be involved in two serious operative sequelae: a 
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rapidly forming pericardial effusion, which may lead to fatal tamponade 
and cardiopericardial adhesions, which commonly follow the subsidence 
of the effusion. 

A study of the factors concerned in these sequelae was carried 
out experimentally with the idea that they might be prevented or their 
serious consequences avoided. It was shown that operative trauma, 
infection, and the application of hot salt solution resulted in the forma- 
tion of effusions and adhesions. The epicardium and parietal pericardium 
could scarcely be touched at operation without the subsequent forma- 
tion of adhesions, and if an incision was made in the ventricle, a firm, 
dense adhesion to the pericardium almost always formed. Adhesions 
were not prevented by the transplantation of fat into the pericardium 
so that the incision in the ventricle came into contact with the trans- 
plant. The presence of blood in the pericardial cavity was of no conse- 
quence in the formation of adhesions. 

That these sequelae might be avoided by pericardiectomy led to a 
study of the necessity of the pericardium for the normal function of 
the heart. Experimentally, the total or partial removal of the peri- 
cardium had no demonstrable effect on the general health of the dog, 
the response to exercise, or the size of the heart. The incised margin 
of the pericardium did not become intimately adherent to the heart. 

It was concluded from this study that compression of the heart 
developing as a sequel to operation could be avoided by incomplete 
closure of the pericardium without appreciable impairment to the func- 
tional capacity of the heart. As a precaution against tamponade an 
opening in the pericardium 1 or 2 cm. in length should be provided 
in every operation on the human heart. Because of the sensitivity of the 
pericardium to trauma the presence of a drain is not advisable. The 
heart should be delicately handled at operation and unnecessary spong- 
ing should be avoided. Rigid aseptic technic should be observed. 

56, Rapidly forming postoperative pericardial effusions producing compression 
of the heart occurred in two cases in which operations were performed for mitral 
stenosis (Footnote 54). In one case the formation of the pericardial effusion 
was indicated by changes in the size and shape of the cardiopericardial roentgeno- 
gram. It assumed its greatest extent on the third day following the operation, 
having increased about 2 cm. in its transverse diameter. It then began to decrease 
in size and this was accompanied by an improvement in the condition of the 
patient. In the second case extensive fibrous adhesions between the heart and the 
pericardium were sectioned at operation. At operation the pericardium wK 
closed throughout its entire extent. Toward the end of the postoperative period, 
which lasted about twenty hours, the patient presented the picture of a failing 
circulation. The postoperative roentgenogram showed an increase of 1 cm, in the 
transverse diameter. At necropsy 350 cc. of fluid was found in the pericardia 
cavity, the rapid formation of which undoubtedly produced a fatal tamponade, 

57. Beck, C. S., and Moore, R. L.: The Significance of the Pericardium in 
Relation to the Surgery of the Heart, Arch. Surg. 11:550 (Oct.) 1924. 
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During the postoperative period signs of compression should be 
watched. Standardized roentgenograms,®® which permit accurate com- 
parison of the size and shape of the cardiopericardial shadow, are an 
important adjunct. If compression of the heart occurs pericardiotomy 
should be performed. 

V. EXPERIMENTS 

Methods of suturing wounds of the ventricles and of the adricles were 
tried experimentally on dogs. Under ether anesthesia the heart was 
stabbed with a long slender knife inserted through the chest and the 
pericardium, and the operation of suture was performed. The exposure 
of the heart under aseptic precautions required several minutes during 
which time variable amounts of bleeding occurred and variable degrees 
of tamponade were sustained. 

It was found in general that wounds of the right ventricle were less 
difficult to control and suture than wounds of the left ventricle. The ease 
with which auricular wounds could be sutured depended on the exposure 
of the wound. If a satisfactory exposure could be provided, the wound 
could be closed readily with one or two Lembert sutures. In the dis- 
cussion that follows reference is made only to wounds of the ventricles. 

In . these experiments it was found that compression of the heart 
during the process of suture, although capable of making the operative 
field bloodless, was poorly tolerated. Fibrillation, which in the dog was 
fatal, occurred in about half the experiments in which compression 
was used. Other factors in determining the result were the breed of 
dog used, the degree of tamponade sustained by the heart, the extent 
of the wound, and the amount of blood lost. 

The method of plugging the wound with the finger was utilized in 
several experiments in which stab wounds were made in the left ventricle. 
It was found that to control the bleeding by this method frequently 

58. Successive roentgenograms can be standardized by having the chest recline 

at a constant angle, the roentgen-ray target placed at a fixed distance and at a 

constant angle posterior to the heart, and the plate at a fixed distance and at a 

constant angle anterior to the heart. For this purpose a special bed, an adjustable 
plate holder, and an adjustable frame to hold the roentgen-ray tube were used at 
this clinic. A sheet of canvas was used for the constant support of the chest 
instead of the ordinary mattress and spring so that it was unnecessary to move 
the patient in taking the roentgenograms. 

59. A marked variation in the ability of the heart to withstand trauma existed 

in various breeds of dogs. This resistance to operative trauma was greatest in 
the bulldog and terrier, and least in the chowchow and hound. A simple incision 
in the left ventricle of the latter was sometimes fatal. The heart of the cat and 

of the rabbit was more resistant than that of the dog, and tlie heart of the goat 

was peculiarly capable of withstanding trauma better than any of tlie animals 
named. The human heart also has a high degree of resistance to th.e innnediate 
effect of operative trauma. 
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called forth so much pressure on the finger that the cardiac muscle was 
torn, the wound accordingly enlarged, and the difficulties of the pro- 
cedure augmented. In several experiments exsanguination occurred 
before the wound could be sutured. Furthermore, the presence of a 
finger in the wound added to the difficulty of placing a satisfactory 
suture. Because of its marked friability cardiac muscle could not with- 
stand inclusion in clamps and forceps, and such instruments should not 
be applied. 

Experience with the foregoing methods for the control of hemorrhage 
from wounds of the heart was afforded also in the experimental work 
carried out in conjunction with Dr. Elliott C. Cutler in the development 
of a method for the surgical relief of mitral stenosis.®® In these experi- 
ments deliberate incisions were made in the left ventricle for the intro- 
duction of the cardiovalvulotome, and the unsatisfactory results of con- 
trolling these incisions by compression or by plugging with the finger 
led to 'the development of another method, 

METHOD OF CONTROL SUTURES 

When the pericardium is opened a suture to steady the heart is placed 
in the apex, the wound in the heart being momentarily’ disregarded. The 
impulse to control the bleeding instantly by placing a finger on the wound 
should not be heeded until the apex .suture is placed. Unless the heart 
be steadied, the finger cannot be maintained in position. The apex suture 
is held under traction between the thumb and the third finger of the left 
hand, and the index finger is placed on the wound (fig. 7) . The bleeding 
is thus controlled. The movements of the heart are transmitted- to the 
left hand; both move in unison so that the index finger can be main- 
tained effectively on the wound. This can be done regardless of its 
position on the ventricles. Two control sutures taking a deep bite of 
muscle are placed, one on each side of the finger at the level of the wound. 
They are crossed and then held under gentle traction by the assistant as 
the index finger is removed. The apex suture is dropped. An excellent 
exposure of the controlled wound is provided and ample time may be 
taken in placing the permanent sutures (fig. 8). Coronary vessels, if 
they lie adjacent to the wound, can be avoided in the sutures and a neat 
approximation can be obtained. The apex and the control sutures aie 
removed. 

The heat of the operation is over when the index finger is placed 
on the wound while the heart is steadied by a firm hold on the apex 
suture. If the idea be fixed in the operator’s mind first to place a suture 
in the apex, disregarding the wound momentarily, the suture can be 

60. Beck. C. S., and Cutler, E. C. : A Cardiovalvulotome, J. Exper. Med. 40: 
375 (Sept.) 1924. 
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placed in a few seconds and the subsequent procedure becomes remark- 
ably simple. The flow of blood through the heart is not interrupted and 
sufficient time may be taken to complete the procedure with deliberation. 
The operator should have noted the position of the wound under the 
finger so that the control sutures can be placed at the level of the wound. 
They should be placed also as near the margin of the wound as the 



Fig. 7. — New method of suture: control of hemorrhage from wound prepara- 
tory to suture: traction on apex suture steadies heart so that iiule.x finger can he 
maintained effectively on wound ; a control suture is being placed. 


overlying linger allows. Traction on them is most a(lvam:igeoii>ly 
applied when they are held by the as.sistant an inch (2.5 cm.) or two 
from the wound. The traction should not be so strong as t»j tear through 
the muscle. If it is found on removal of the inde.v: linger ili:n th.e 
bleeding is not entirely controlled, the linger may he rejfiaced <<n th.e 
wound and another control suture jdaced on each side at the piint where 
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ventricle in two human cases in which operations were performed for 
the relief of mitral stenosis. 

The method has its advantages in that the flow of blood through the 
coronary and the cerebral vessels is not occluded. It is well tolerated 
so that ample time may be taken to complete the procedure. An oppor- 
tunity is afforded in placing the permanent sutures to avoid inclusion 
of adjacent coronary vessels. A neat approximation can be obtained. 



THE MECHANISM OF BACTERIAL INFECTION 
ABRAHAM O. WILENSKY, M.D. 

NEW YORK 

This discussion will deal practically exclusively with infection pro- 
duced by bacteria of the aerobic variety. I have little experience with 
the infections produced by anaerobic organisms except as these take part 
and are found in cases of intrapulmonary suppuration. The little l ean 
say is that, clinically, established infection by anaerobic bacteria is usually 
produced by mixed infection with more than one organism; that the 
latter are probably originally secondary invaders and when centered in 
the foci of pulmonary suppuration are productive of slight or moderate 
grades of damage, and that when inoculated into a previously uninfected 
tissue, as happens after operations of the lobectomy type, the resulting 
pathologic change is extensive and of maximum intensity and results in 
death in 50 per cent, or more of the cases. 

TERMINOLOGY 

In medical literature the phenomena of bacterial infection are 
associated with the usage of the following terms: sepsis, sapremia, 
septicemia, bacteriemia, pyemia, general infection and general blood 
infection. Much confusion surrounds the use of these terms owing to 
the loose way in which they are generally employed. The term sepsis 
has sometimes wrongly been made to include the term sapremia; this 
inaccuracy should be avoided altogether. The term sepsis is a generic 
term and should include all forms of infection by virulent organisms 
capable, under appropriate conditions, of producing pus. In this sense 
typhoid infections, etc., are a form of sepsis as well as osteomyelitis, 
furuncles, carbuncles, etc. Under this definition, sepsis includes all 
septicemias, bacteriemias, pyemias and general blood infection as 
described here. The term general infection as it has lately been intro- 
duced in the literature is synonymous with sepsis. 

Under ordinary conditions an infection is established by a certain 
type of organism and the course of the infection continues throughout 
with that organism as the sole cause. Quite commonly, however, the 
course of an infection is disturbed by an influx of organisms of a dif- 
ferent type than those which are originally present. The differences are 
perceptible in the pathologic and clinical manifestations and are demon- 
strated in the bacteriologic studies. Added infections of this kind are 
known as secondary infections and the organisms as secondary invaders. 
They are particularly prevalent in infections in which wounds are exposed 
either during dressings or because of the types of treatment employed 
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(sunlight treatment, for instance) ; such secondary infections are fre- 
quently of no consequence in the clinical progress of tlie infection. In 
fatal cases secondary infection is ver>' common just before death, and 
in these it sometimes assumes the clinical manifestations of a terminal 
general blood infection. 

The two cases that follow are rather striking e.xamples of secondary 
infection. 


Case 1. — K baby was vaccinated against smallpox in the usual way on the 
arm. The resulting lesion did not heal in the way these inoculations uaually do: 
but instead grew larger and became more excavated, and the base of the ulcerated 
area became covered with a brown crust Finally, the cause of this abnormality 
in the behavior of the vaccination was proved to be a secondary infection with 
diphtheria bacilli; these organisms were demonstrated in smears taken from ti;c 
discharge from the ulcer. The patient promptly recovered after the proper 
administration of diphtheria antitoxin. 


This case was published by Roosen Runge : 

Case 2. — patient was admitted to the hospital with a left metapneumonic 
empyema. A blood cultivation made before operation was sterile. The pus in 
the chest contained pneumococci. Eight days after operation, physical signs of a 
right pleural exudate became evident. Two days later, the discharge from the 
operated empyema cavity became hemorrhagic. One day later, a blood cultiva- 
tion demonstrated 30 colonics of diphtheria bacilli per cubic centimeter of blood 
cultivated. Cultures of the discharge and of the exudate from both sides sliowed 
diphtheria bacilli also. Two days thereafter the patient died. The postmortem 
examination showed an endocarditis and cultures made from the heart valves 
resulted in a growth of diphtheria bacilli also. 


The term sapremia is understood to indicate a condition in which a 
focus of decomposition is present in the body the chemical products of 
which are absorbed into the blood and lymphatic circulations of the body 
and produce constitutional symptoms. The decompo.sition takes place 
in circumscribed tissue which having become dissociated from the re-it 
of the body, as far as its biologic connections are concerned, becomes for 
practical purposes a foreign body; the most typical e.xample of this i^ 
the retained placenta after childbirth. The bacteria giving rise to liiii 
decomposition belong to the .saprophytic group of organi.'ins and are 
characterized by their inability to invade living tissue as a part of. and in. 
intimate relation with, the rest of the living body, tluit is, by a lac!; xf 
virulence. Living organisms of this grouj) are never ff)ur.d in the !i!».'.d 
stream, not because they do not [;ass into the circulation but bccai:-e ii;e 
bacteria destroying powers of the host are always sun;cier.tly ;:ctiv(: 
cause their immediate disappearance. 

The term septicemia implies a conditif>n in which a !■ cai !>. ':■ 
present owing to tiie invasion of a body ti.'>r.e in iminrite Lit.!' gic <: 
nection with the rest of the bodv, bv virulenr bacreria. Lx:--.':;' 
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bodies result from the growth of the organisms which, being absorbed 
into the body circulation, spread throughout the body and give rise to 
constitutional symptoms. Confusion exists in differentiating between 
cases in which bacteria can be demonstrated as being present in the blood 
and those in which they are absent, and the term septicemia has been 
loosely applied to both, especially when the histories of cases are given. 
The definition and use of the term has even been confounded with that 
of the term pyemia. The terms general blood infection or general infec- 
tion, which have lately come into use, have been employed practically as 
an equivalent of septicemia, and have come to mean a bacterial infection 
of the body with or without demonstrable local lesions in which living 
organisms can be demonstrated to be present in the circulating blood by 
the usual cultural methods. According to some, septicemia is distin- 
guished as a condition in which the organisms are multiplying in the 
blood circulation. 

The term pyemia is an old one and a good deal of confusion has 
surrounded its usage and still does. If the term is to be employed at all 
it seems best to restrict its usage to infections of the body in which more 
than one lesion is present and in which it can be established that one of 
these is the original portal of entry for the infection, and that the others 
result from the transmission of the infecting agent from the latter or 
that all of the lesions are secondary to an obscure or demonstrable healed 
primary lesion. The original portal of entry is usually designated as the 
primary lesion ; the other lesions are secondary, subsidiary or metastatic 
lesions to the primary focus. The term pyemia is used equally often 
in conditions in which bacteria are demonstrated to be present in the 
blood and in those in which they are absent, in cases in which there are 
few bacteria in the blood and in those in which the organisms are multi- 
plying in the circulation; in these aspects the definition of the word is 
confused with that of septicemia. 

It seems best to avoid the use of this confusing terminology and to 
make a much more simple classification of the phenomena of infection 
on the following basis ; this will be employed here and in other articles. 

1. The term infection will be used as a generic one and will include 
all of the phenomena of a bacterial attack on tissue, organ or the entire 
body. The various kinds of infection will naturally be described in 
accordance with the tissues, organ or part of the body involved, and in 
accordance with the organism or organisms encountered; thus, sapro- 
phytic infection of the uterus, staphylococcus infection of the skin, or 
streptococcus infection of the liver, etc. When no other modifynig term 
is employed it is to be assumed that cultivations of the peripheral blood 
taken during life are sterile. The differentiation commonly made 
behveen local and general infection theoretically does not exist, and the 
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terminology is one more of convenience than of accuracy. Local infec- 
tions must necessarily involve some degree of general constitutional reac- 
tion and general infections must necessarily find their beginnings in, or 
be associated with, a local focus of infection. As far as possible this 
differentiation will be avoided or made clear in the te.xt whenever it must 
be used. 

2. The term “bacteriemia” also will be used in a generic sense to 
indicate any condition in which bacteria can be cultivated from the 
peripheral blood during life. The various kinds of bacteriemia alsi; 
will naturally be described in accordance with the organism found ; thus 
staphylococcus bacteriemia, streptococcus bacteriemia, etc. 

3. The term “general blood infection” will indicate a subgroup of the 
generic term bacteriemia and in this and in articles to follow a dis- 
tinction will be made between the terms bacteriemia and general b!o(jfi 
infection on the following basis; The term bacteriemia is meant to 
imply a condition in which the organisms demonstrable in the circulating 
blood by the usual cultural methods are derived from a local lesioti some- 
where in the body, are usually small in number, and the faculty of 
destroying the circulating bacteria is more or less retained by the appnj- 
priate antibodies of the blood. The term general blood infection is meant 
to imply a condition in which, in addition to the foregoing, a multiplica- 
tion of the bacteria takes place in the circulation and the faculty of 
destroying the circulating bacteria is more or less lost by the ajjpropriate 
antibodies of the blood. 

Under appropriate circumstances both of these groups of terms will be 
employed together; thus, staphylococcus infection of the skin with 
staphylococcus bacteriemia or general blood infection. The cliaracter of 
the local lesion in the complete development of any individual infection 
is best described by the use of the terms primary or secondary {'meta- 
static, subsidiary) ; thus, primary staphylococcus infection of the skin 
with staphylococcus bacteriemia, or primary streptococcus infection of 
the tonsil with secondary streptococcus infection of the aiii^eiidix. etc., 
the absence of any descriptive bacteriemia indicating that a cultivation of 
the peripheral blood made during the course of the illness was sterile. 


CLI.NIC.\L DISTIXCriO.V 

A distinction between cases of infection made on tb.e ba-i-. of ;l.e 
presence or absence of living bacteria in the j>eripheral blood is climcally 
a most important one. Theoretically the distinction does n-.t iwi-t. 1: 
seems fair, from all the available evidence, to assume that in e'.ery c::-v 
of infection, whether it be mild or severe, organisms are enterir.g li.-; 
circulation. In the cases in which cultivations of tb.e perij.lieral olt.' 1 
made during life are sterile it shoukl be as>umed linit tiie 
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which reach the circulation are immediately destroyed in some way or 
other by the appropriate protective agencies. A bacteriemia or general 
blood infection exists only when the bacteria destroying agencies are 
partially or wholly lost, or inhibited. The bacteria destroying power 
may be lost or inhibited for only short periods of time and the bacteriemia 
accompanying such a state is spoken of as a temporary one. 

In clinical practice infection of the human body appears in one of 
the following forms : 

1. A local lesion is present apparently without any constitutional 
symptoms. This must necessarily mean that the amount of constitutional 
disturbance is so small as not to be perceptible to the affected person or 
recognizable to a competent examining physician. The best examples 
of this type are the small furuncles that occur on the back of the neck. 

2. A local lesion is present with general constitutional symptoms. 
The latter show an infinite number of variations both in degree 
and in kind, and the manifestations may be very severe and may terminate 
in the death of the individual. Positive blood cultures are not 
demonstrable. 

3. Cases similar to those in Group 2 but in which living organisms 
can be demonstrated in the circulating blood. The bacteriemia may or 
may not be a temporary phenomena; the organisms may be present in 
the blood in cases that go on to recovery and may disappear from the 
circulation in cases that later end fatally. 

4. Cases in which secondary lesions appear. Living organisms may 
not be demonstrable in the circulating blood, or may be demonstrable as 
a temporary or permanent phenomenon ; may be present in comparatively 
small or in overwhelming numbers; may be demonstrable in cases that 
go on to recovery, and may be absent during the entire course of the 
illness in cases that go on to a fatal termination. 

5. Cases in which a bacteriemia exists but in which a local focus is 
not demonstrable. The term cryptogenetic sepsis has been applied to 
this form of infection but present day knowledge makes it advisable to 
abandon as misleading the use of this term. Under the last terminology 
cases of bacterial endocarditis had previously been included because a 
primary focus was not demonstrable; 

As an explanation of the latter phenomenon — absence of a primary 
focus of infection — it has been assumed that it is possible for bacteria 
to pass through a body surface. For this purpose the surface of the 
body is not only the external skin but also the mucous membrane lining 
the entire extent of the alimentary canal, the entire lining membrane of 
the urogenital tract and of the pulmonary system. The epithelial lining 
of the ducts and the alveoli of all glandular structures in direct connec- 
tion with any of these tracts is also an external surface of the body as 
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far as the introduction of infection is concerned. The conjunctiva of the 
eyes is also an external surface. This is but an extension of the universal 
law throughout living matter that no relation can exist between living 
matter and its environment except through its surface. 


MECHANISM OF INFECTION 


There is a continuous contact between the various surfaces of the 
body and bacteria of all kinds. It seems to be true that, even during 
states of health, traumas of one kind or another are constantly occurring 
to the major surfaces of the body — the skin or the intestinal muco.'Ja — 
and that through these breaks bacteria of one kind or another are con- 
stantly entering the body. The protective forces of the body are, how- 
ever, so well balanced, arranged and strongly developed that interaction 
of bacteria or of their biologic products and surface cells is prevented 
or, what is more often the case, the effects of this interaction are imme- 
diately neutralized and the bacteria that enter are immediately destroyed. 
No perceptible effect is demonstrable in the body cells, organs or tissues 
either immediately or subseqently, and the condition of health continues 
undisturbed. The balance between the attacking powers of the bacteria 
— their virulence — and the protective agencies of the body is a constant 
one during health. 

PRESENCE OF TRAU.MA 


I am strongly of the opinion that the assumption sometimes made, 
that bacteria can pass through an intact healthy body surface, is an 
incorrect one. I believe, as far as the external skin and the mucosa \)i 
the alimentary canal are concerned, that no entry of bacteria can take 
place without the intervention of some trauma, however minute it may 
be. Even in the presence of trauma, it is only in e.xtraordinary instances 
that the natural protection breaks down and disease ensues, either 
because the opposing bacterium is one of extraordinary virulence, or 
because the character of the infection is one to which the natural anti- 
bodies have previously, either in the individual himself or in his race, 
been not at all, or insufficiently, developed. Anthrax infection ami the 
incidence of unaccustomed diseases in savage, aboriginal or other similar 
races make excellent examples of this point. 

It seems much fairer to assume in cases of hacteriemia or general 


blood infection with obscure etiology that a j)rimary lesion of suine kind 
always exists. This may be in an inaccessible ])art of the bndy, e. g., 
the folds of the intestines, where it can readily escape deiiKm^traihai. 
or, if on an exposed and readily accessible loctnion, it may h.ave h.ealed 
without leaving traces rccognizidile to the unaideil eye before tlie '■ubjict 
came under observation; and having been of a most ir.con'eiii:e:i!::!! 
nature and size, it had entirely esciped the notice of th.e jjerM^n hiin-elf. 
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In any case, therefore, of such obscure forms of infections it should not 
be hastily assumed that a primary lesion did not exist, but rather that 
human deficiency is not capable of demonstrating the initial lesion in all 
cases. 

In the deep tissues and in secondary lesions, trauma need not neces- 
sarily be a gross mechanical thing although, true enough, even here such 
trauma frequently exists and it is no uncommon thing in an established 
bacteriemia or general blood infection to witness abscesses form in the 
depths of a muscle or between the facial planes following a slight blow. 
Other forms of trauma are equally operative, chemical forms, thermal 
forms, etc. Any form of trauma produces either qualitative or quantita- 
tive inhibition of the vital cellular processes : (1) by actually destroying 
the molecular composition of the cells and with this their morphology; 
(2) by the development of chemical inhibitory bodies that inhibit or 
neutralize intracellular chemical reactions necessary in the life, of the 
cell; (3) by deprivation of the normal food supply of the cells or tissues; 
(4) by favoring the accumulation of poisonous metabolic bodies; (5) by 
destroying fundamental physical cellular connections in cell groups 
accustomed to live together and dependent one on the other, leading in 
turn to disturbances in food supply, to abnormal accumulations of excre- 
mentitious matters, to incoordination, etc. 

The most important mechanisms are mechanical trauma — even a 
strain or sprain is a sufficient trauma — and disturbances of nutrition of 
the cells. In trauma cells are exposed which are not prepared to with- 
stand the attack of bacteria. In any case, trauma or lack of food supply, 
the actual result of the disturbance so far as infection is concerned is to 
produce tissue on which the bacteria can grow and in which bodies 
deleterious to the life of the bacteria cannot develop, or develop in such 
insufficient quantity as to be negligible. The most common mechanism 
for causing interference with the nutrition of the cells, organs or tissues 
is thrombosis and embolism, either of which by plugging a vessel deprives 
the intercepted territory of its main source of food supply. This will 
be gone into in detail in a later part of this article. 

SURFACE INFECTIONS 

Surface infections of the skin have intimate relations with the sweat 
glands and hair follicles, and obstruction to the outflow of any excretions 
from these passages is the most common immediate cause for the develop- 
ment of an infection. Surface infections of the intestinal tract have 
intimate relations with accumulations of lymphadenoid tissue. The most 
important of these are the tonsillar accumulations in the pharynx and 
those in the lower end of the ileum, Peyer's patches. Surface infections 
in glandular, structures in connection with the alimentary canal, the liver. 
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pancreas, etc., are usually continuations of surface infections in the 
neighboring portion of the alimentary canal and are frequently associated 
with relative or absolute obstructions to the outflow of the gland secre- 
tions, such as are produced by the presence of stones or by spasm of the 
sphincter muscle at the outlet, produced by abrasions, etc. Surface 
infection at any junction of the skin and mucous membrane, e. g., the 
breast nipples or the anus, is most frequently, if not always, connected 
with trauma and the formation of fissures, which are especially prone to 
occur at this point because of mechanical trauma, such as suckling of 
the infant or passage of hard scybala. 

Obstruction to the outflow of excretions of a glandular organ results 
in a damning back of secretions which in turn exerts an interference with 
the metabolic activity of the secreting cells. According to our definition 
previously given, this is a form of trauma. 

Infection developed in any of these ways in a glandular organ can 
progress in one of two ways : 

1. The infection remains centered in the gland linnina. A single 
abscess develops which when properlj* incised heals without any further 
progression of the inflammatory infectious process. In the breast this 
form is not as common as the second variety. The typical example of 
this form of infection in the liver is the amoebic abscess. 

2. The development of the infection is communicated with the lym- 
phatic channels and a typical form of lymphangitis develops. Multiple 
abscesses are the rule. This is the usual form of breast abscess, and in 
the liver it is the form usually seen with all types of infection e.\cei)t 
that caused by the ameba. It is possible for both of these forms of 
infection to coexist. 

Infection of the urogenital tract is most freqently communicated by 
direct contact and is probably most often originated in minute traumas 
during intercourse. Progression of the infection occurs (1) by cmi- 
tinuity along the surface; (2) through the lymidiatics, and <3) by 
metastasis. 

Infection of the pulmonary surface is most often associated with 
disturbances of the circulation, most frequently produced by chilliju;. 
With pneumococcus infections, progression of the process occurs by 
continuity along the surface; with certain other organisms penetratii u 
below the surface occurs and tissue becomes destroyed. 

All these surface forms of infection are primary foci and in each 
case they act as portals of entry for the infecting organisms isiio t!;e b -dy 
system. Infection in a solid organ — such as bone or brain— or in !i"U ■ 
— such as muscle or connective tissue — not expuseil on ar.y .-urfaie >,•: 
the body cannot be a primary aiTair, except in those instai-.ces in v.inch 
e.xcessive forms of trauma, such as compound fractures, lacerated, ir.c:-c : 
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or punctured wounds, cause communications between the depths and the 
surface. Except for this, infections in such organs or tissues are meta- 
static affairs. 

Infections of the body cavities, such as the peritoneum, the pleura 
or the meninges, are practically always continuations of infections in 
adjacent organs and are produced either by rupture of a hollow viscus, 
e. g., perforating appendicitis, or by continuation of the process through 
the lymphatics of the primarily affected organ, or by contiguity of an 
inflammatoiy process with the endothelial lining of the hollow cavity. In 
rare instances infection of these hollow cavities is metastatic. In women 
peritoneal infection can be a primary infection and frequently occurs by 
continuity through an open fallopian tube. 

Absorption of bacterial toxins from any primary lesion occurs by 
w^y of the lymphatic system and by way of the blood stream. Pene- 
tration of the infecting bacteria into the body occurs also either through 
the lymphatic stream or through the blood stream. Both forms of 
communication are always necessarily present in all forms of infection. 
In certain classes of infection, especially those of the skin, and of the 
distal parts of the extremities, the preponderance of the lymphatic form 
gives rise to the typical clinical picture known as lymphangitis. In the 
latter form of infection the progression of the process from its portal 
of entry is a continuous one along the lymphatic channels, and the spread 
of the infecting bacteria into the body is a continuous penetration and 
growth along the lymphatic channels. Infections entering through 
accumulations of lymphadenoid tissue, notably the tonsils and Payer's 
patches, are typical forms of lymphangitis as thus defined, and the pro- 
gression of the infection along the l3anphatic channels can be frequently 
demonstrated clinically in the secondary involvement by continuily of 
the regional lymph nodes in connection with these surface areas. In all 
forms of lymphangitis it is not possible to cultivate living organisms 
from the peripheral blood stream during the duration of the infection. 

\^NOUS THROMBOSIS 

Communication of the infectious process and penetration of the 
infecting organisms from the portal of entry into the rest of the body 
by the blood stream is intimately associated with the subject of venous 
thrombosis. The inflammatory process associated with any infection has 
as one of its prominent characteristics the slowing of the blood stream 
and the formation of venous thrombosis. Under suitable circumstance^ 
the grondh and multiplication of the bacteria in the focus of infection 
finally result in their penetration into the vascular channels, where m 
a relative way they are blocked from further progression, at least tem- 
porarily, by the occluding thrombus. However, the bacteria find an 
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excellent culture medium here, and unless their powers of further growth 
and development are destroyed by the natural forces of the body, they 
continue to multiply and to penetrate the clot until they reach the surface 
of the thrombus, where the bacteria come into contact with the freely 
circulating blood in a connecting channel. A number of possibilities 
develop as a result of this biologic progression : 

1. The thrombi form a sufficient barricade and successfully localize 
the bacteria away from the circulating blood. Under such conditions 
no bacteria can be demonstrated in cultivations of the peripheral blood. 

Case 3. — A patient was given a transfusion during the course of a severe 
anemia. Following this the vein employed for entry became thrombosed and it 
was distinctly felt as a thickened cord at the bend of the elbow. This gradually 
became inflamed and an abscess formed. Healing followed promptly after incision 
and drainage of the latter. There were never any constitutional symptoms or 
other evidence to indicate that a bacteriemia was present, and cultivations of 
the peripheral blood remained sterile. 

2. The growth of bacteria on the surface of the thrombus in contact 
with the circulating blood results in numbers of the bacteria being thrown 
off into the blood stream. The number ^ of organisms thus cast off into 
the circulation is relatively and actually small. In some cases the bacteria 
destroying powers of the blood are sufficient to kill the .organisms as 
fast as they are thrown off, and in these cases positive blood cultures are 
not obtained. In other cases the bacteria destroying powers of the blood 
are only sufficient to kill the organisms a little less quickly than they 
are shed into the circulating blood. Positive blood cultures are then 
obtained but the number of organisms demonstrable in the peripheral 
blood remains small and the bacteria do not appreciably increase in 
numbers in successive blood cultivations. In practice recovery is possible 
from such forms of bacteriemia. The best examples of this are the 
milder bacteriemias associated with osteomyelitis and the cases of sinus 
thrombosis after middle ear infection with mastoid involvement. 

Case 4.— A patient had had a cholecystectomy done two years before admis- 
sion. The healing of the wound was a most complicated affair and was marked 
by the development of an intra-abdominal abscess; for a time a fecal fistula also 
was present. Finally, healing took place and the patient was discharged from the 
hospital well. 

Two weeks previous to the present admission the patient developed pain in 
the right side of the chest and a hacking cough; there was moderate fever and 
chilly sensations. Physical and roentgen-ray examinations demonstrated that 
there was considerable fluid in the pleural cavity and the aspirating needle 
showed that the fluid was pus. The usual thoracotomy was done and the chest 
was drained. 

1. The number of organisms is estimated by making the blood cultivations 
according to the plate method. Each demonstrable colony corresponds to one 
organism in the circulating blood. The method is accurate for practical clinical 
work. 
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There was good immediate reaction; the temperature dropped and the amount 
of discharge was about what one ordinarily sees. Within several days, however, 
the discharge increased markedly and became foul; later it became distinctly 
fecal. The general condition of the patient deteriorated rapidly and for a while 
it looked as if a fatal issue was impending. Fortunately, however, this was 
temporary. The amount of discharge gradually lessened; the wound began to 
heal; the general condition progressively improved. Healing finally occurred 
and the patient was discharged well. This was probably a residual infection 
from the first operation two years ago and the suppurating focus worked its 
way through the diaphragm and into the thorax. 

Coincident with the marked increase in the discharge and with its assuming a 
fecal nature, the temperature assumed an up and down course from 99 to 104 F., 
with daily remissions. There were .numerous chills. At the end of the second 
week after operation and at the beginning of the third week, cultivations of the 
peripheral blood on several occasions showed small numbers of colonies of 
Staphylococcus aureus. A culture taken subsequently was sterile. 



Fig. 1. — Temperature curve in Case 4. 


The demonstration of a positive blood culture is explainable on the 
basis of the presence of an infected thrombus somewhere in the confines 
of the wound — possibly in an area of necrotic bone — ^which was in com- 
munication with the free circulation, so that organisms could readily find 
their way into the blood stream. 

3. The growth of the bacteria on the surface of the clot in contact 
with the freely circulating blood is unhindered by any bacteria destroy- 
ing powers and the organisms accumulate rapidly in the blood. In this 
form also the bacteria multiply in the blood stream itself. These cases 
are hyperacute forms of general blood infection and are almost 
invariably fatal. The commonest example of this is the fulminating 
form of general blood infection associated with severe forms o 
osteomyelitis and infections by the bacillus of anthrax. 
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Case 5. A child was first seen at the height of a fulminant acute infection 
with hyperpyrexia and a demonstrable focus in one clavicle. At operation the 
entire clavicle was excised in an attempt to remove the cause, the entire focus. 
The first cultivation of the peripheral blood showed 10 colonies of Staphylococcus 
aureus per cubic centimeter; one taken on the following day showed large 
numbers of colonies. Death occurred forty-eight hours after operation and the 
postmortem examination showed a widespread cellulitis of the neck and furuncles 
in the myocardium. 

This case illustrates the usual course of affairs in a fulminant 
hyperacute case of infection with general blood infection. 

These three descriptions do not portray distinct varieties of infec- 
tion with and without bacteriemia. They indicate stages only in the 
development of the complete forms of general blood infection. The 
first passes into the second and then into the third. In clinical medicine 



Fig. 2. — ^Temperature curve in Case 5. 


and surgery regression is possible in any of the first two stages to 
complete recovery. Recovery from the third stage is apparently never 
seen. Cases that reach the third stage are uniformly fatal ; cases in the 
other two stages may be fatal, especially when secondary lesions begin 
to form. Prognoses made during the first or second stage can be 
favorable with or without reservations; those made in the third stage 
must be unfavorable. 

FORMATION OF SECONDARY FOCI 

Under any of these three conditions the thrombi in the focus of 
infection contain living bacteria. Under any of these three conditions 
pieces of the original thrombus break off and are swept away in the 
circulation to all and any distant or near part of the body. Such 
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embpli form the cause of any and all secondary lesions. It is also 
possible for the bacteria alone floating in the circulation to become 
arrested at any point (for reasons which will be taken up in detail 
shortly) and to give rise to secondary lesions. Bacterial emboli, that 
is, clumps of agglutinated bacteria, also occur and act similarly. 

The secondary foci are determined by the arresting of emboli at 
some point or points of the vascular network; these emboli are 
primarily, or become secondarily, infected. The actual point depends 
sometimes on an external trauma but more often on chance than on any- 
thing else and is decided by the physics of the local capillary circulation, 
or on the anatomic peculiarities of the local vascular network. Various 
pathologic pictures result, depending on the organ or tissue in which the 
embolus lodges, the size of the plugged vessel, the relative position of 
the plug, the facility and faculty for vascular anastomosis and collateral 
circulation in conjunction with the character and virulence of the 
organisms, and the general powers of resistance of the subject as a 
whole. Most typical pictures are obtained in osteomyelitis and in the 
metastatic furuncle of the lung. The dominant characteristics of the 
pathologic pictures of the secondary foci are (1) a thrombo-arteritis 
or thrombophlebitis, and (2) more or less necrosis consequent to dis- 
turbance of the local circulation. In certain tissues, such as bone, the 
necrosis plays a dominating role in determining the pathologic picture; 
in certain others, as in the lung, this is a negligible factor. 

Sittmann reports the following case: 


Case 6. — A girl, aged 20, developed a prepatellar abscess; later this was 
complicated by an erysipelas. Eight days before death Streptococcus hemolyticus 
was demonstrated in the blood. After death, an examination of the body 
showed: (1) a right empyema; (2) a right axillary abscess; (3) periphle- 
bitis and thrombosis of the axillary and jugular veins; (4) a paranephritis; (5) a 
parastrumitis, and (6) a suppurative arthritis of the left ankle. 

It is most likely that the infected thrombus in the axillary and jugular veins 


gave rise to the bacteriemia. 

Case 7. — A patient was admitted to the hospital with the history typical of 
an acute attack of appendicitis; no previous attack had ever been present. 
Figure 3 shows a preparation of the appendix removed from this patient. The 
distal two-fifths of the appendix was totally gangrenous and there was a sharp 
line of demarcation between the gangrenous and the healthy portions of the 
specimen. The lesion was evidently a thrombo-embolic one. The appendicular 
vessels were first thoroughly irrigated in order to remove any contained blocxl, 
and it was noted that clear fluid escaped from the veins at the conclusion of the 
irrigation. The vessels were then distended with a solution impervious to 
the roentgen ray. Thereafter the appendix was fixed and finally cleared in 
essential oils. The preparation," to the naked eye, shows the entire blood supply 
of the appendix, of which Figure 3 is an exact reproduction. The illustration 


2. The specimen was prepared according to a method devised by Dr. I.ouis 
Gross. I am indebted to Dr. Harry Koster for Figure 3. 


WILENSKY— MECHANISM OF BACTERIAL INFECTION 241 

shows exactly where the blood supply was blocked. Collateral circulation is 
being established as shown by the fine anastomoses. This is a fine example of a 
secondary thrombo-embolic lesion during the course of an infection and illustrates 
the formation of a fixation point. 

In any given environment of the body in which secondary foci may 
form, the anatomic arrangement of the vascular network can only be 
one of two : 

1. In the one, more or less abundant provision is made for compen- 
satory circulation around the arrested embolus. Under such circum- 
stances the focus is quickly and sharply delimited and the extent of 
the resulting pathologic change is comparatively small; little or no 
necrosis occiu's to increase the amount of destruction. 



Fig. 3. — Newly formed bone, involucrura (shaded portion) around sequestrums, 
A and B; practically entire shaft was destroyed. 

2. In the other, the provision for collateral and compensatory circu- 
lation is negligible or entirely absent around the arrested embolus. 
Maximum necrosis then takes place and the action of the bacteria in the 
embolus, their growth and spread into the necrotic tissue is unlimited; 
maximum destruction results. These forms are constantly occurring in 
clinical surgery and one need only indicate the gross characteristics of 
the pathology of a few as examples : the circumscribed furuncle of the 
lung, where abundance of circulation, compensatory and other, is the 
rule ; the rapid necrosis and destruction of an entire diaphysis of a bone, 
in which the nutrient artery is plugged by an infected embolus and 
where compensatory circulation is negligible; the cutaneous petechiae; 
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etc. Each individual organ or tissue shows modifications of the pictures 
here described in accordance with its intrinsic structural peculiarities. 

Figures 4 and 5 show the extent of variation in the faculty for 
' collateral circulation and the relations of the latter to destruction of 
tissue. Figure 4 is a diagrammatic representation of secondary foci of 
infection in the lung observed postmortem. An attempt is made to show 
the relative proportions of the several foci and the rest of the lung. 
Figure 5 is a tracing taken of a roentgenogram in a case of osteomyelitis. 



Fig. 4. — Diagrammatic representation of relative area of tissue involved in a 
territory well supplied with collateral circulation; comparison should be maie 
with Figure S. 

Complete necrosis of the diaphysis eventually took place. The first of 
these two cases illustrates the minimum of destruction owing to abundant 
collateral circulation, and the second the maxium of destruction because 
the fixation point was in the nutrient artery and no collateral circu- 
lation w^ possible. 

Comparison of these figures should be made with Figure 6, which 
shows an injection specimen of the liver. The picture reveals the 
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immensity and complexity of the vascular network of the liver. The 
possibilities present here for the formation of metastatic deposits should 
be considered and these possibilities compared with what one actually 
sees postmortem in cases of multiple liver abscesses of nonamebic origin. 
I am indebted to Dr. Gross for Figure 6. 



Fig. S. — Sketch from roentgenogram showing maximal amount of tissue 
necrosis which results when the thrombus-embolus formation is located in the 
nutrient artery of a bone and when little or no collateral circulation is possible; 
comparison should be made with Figure 4. 

The physical characteristics of any secondary focus soon become 
similar to the primary lesion and vascular thromboses become important 
parts of the pathologic picture. All the characteristics of the primar}' 
lesion described here, as regards the presence or absence of bacteriemias 
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or general blood infections, and as regards the breaking off of secondary 
emboli and the formation of subsidiary foci, appertain just as readily to 
any secondary lesion, so that in actual practice any secondary lesion may 
in turn assume the characteristics of the primary lesion and become a 
secondary point of distribution for foci subsidiary to itself. The 
parallel continues to numerous or indefinite generations and the best 
example of the possibilities occurs in osteomyelitis with its numerous 
foci, occurring simultaneously or subsequently, in a short space of time 
or in periods extended over years in the same bone or in different bones. 



Fig. 6. — Injection specimen of liver described in text; courtesy of Dr. Louis 
Gross. 


There is no experimental, clinical or other evidence nor any practical 
test that helps in classifying multiple foci developing during the course 
of an infection. It is perfectly possible for the primary lesion to form 
the origin for every secondary lesion that ever develops; and on the 
other hand, it is just as possible for any subsidiary focus, secondary or 
other, to in turn form a point of distribution and cause either some or 
all of the succeeding foci that subsecjuently develop. Sometimes it has 
seemed possible to distinguish the focus of distribution from purely 
clinical observation. Several foci are present and these are either in a 
healing state or have become healed. Subsequently the process relights 
in one of these and coincident with this exacerbation other new foci 
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develop. The fact that one of the older foci is in “active eruption” has 
made me feel that it in turn has become a point of distribution for the 
new ones. 

Case 8. — The notes of this case illustrate the difficulties in classifying the 
various lesions that can develop. Twelve days after the birth of a child and 
following the manual delivery of the placenta, chills and fever developed. There- 
after there developed in succession a femoral phlebitis, a pneumonia, an abscess 
of the leg and, last, an osteomyelitis of the upper end of the femur and an 
arthritis of the hip. Streptococci were the cause of the infection and the cultiva- 
tions of the peripheral blood remained sterile. The relationships of the various 
foci that developed are subject to many possibilities. 

Case 9. — ^During the course of a pneumonia a femoral thrombophlebitis devel- 
oped. After an initial subsidence of the symptoms and signs referable to the leg 
and during the convalescence of the pneumonia there was renewed activity in the 
femoral thrombophlebitis as evidenced by pain and fever. The patient died 
quite suddenly with well marked evidence of an intracranial embolism. Undoubt- 
edly in this case the femoral and not the pulmonary focus was the point of 
distribution for the intracranial embolism. 

PRESENCE OF BACTERIEMIA 

A bacteriemia is not always demonstrable at the time a lesion is acting 
as a point of distribution and secondary and subsidiary foci appear when 
a bacteriemia is not present. Commonly this is so because the infecting 
bacteria are being transported in the emboli until they are caught and 
arrested at one or more fixation points, or, rarely, because the embolus 
was sterile; also, because the bacteriemia may have been a temporary 
one and the blood cultivation may have been made at a moment after the 
bacteriemia had disappeared or when bacteria were temporarily not 
present in the peripheral blood ; whereas at other moments a blood culti- 
vation, if made, would demonstrate the organisms. Technical errors on 
the part of the person making the blood cultivation may also be at fault. 

Case 10. — A patient was admitted with a fully developed follicular strep- 
tococcus tonsillitis and with the signs and symptoms of an acute lesion in the 
right iliac fossa. A gangrenous appendix, with considerable seropurulent peri- 
toneal exudate from which streptococci were cultivated, was found at operation. 
The abdominal lesion was undoubtedly secondary to the tonsillitis, but the blood 
culture remained sterile. The patient recovered. 

Case 11.— A patient was operated on for inflamed gangrenous hemorrhoids. 
The usual excision operation was done, and it was noted that all the vessels 
were thrombosed. A low grade temperature developed. On the fourtli day the 
patient became jaundiced and there was some slight tenderness over the liver. 
The primary lesion was in the thrombosed hemorrhoids and a secondary thrombo- 
embolic lesion of some kind developed in the liver. The blood culture was sterile. 
The liver lesion was apparently not very severe, probably owing to the small 
size of the embolus or the abundant collateral circulation of the liver. The 
patient recovered. 
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Temporary bacteriemias frequently occur after, and are caused by; 
the dressings of certain classes of wounds, especially those of bone, and 
are occasionally demonstrable. 

In the following two cases it was possible to demonstrate temporary 
forms of bacteriemias which followed dressings of the wound. 

Case 12. — A patient had previously been operated on for multiple abscesses 
of the liver and during the course of his illness repeated blood cultures were 
entirely sterile, except for one on the forty-first day after operation. A blood 
cultivation of the peripheral blood had been made within an hour after the 
dressing and showed several colonies of Staphylococcus aureus. The sterility 
of the many blood cultivations made and the fact that previous experience had 
shown that liver abscesses do not give positive blood cultures go to show that the 
phenomenon was a temporary one and was due to the dressing of the wound 
(Fig. 8). 



Fig. 7. — ^Temperature curve in Case 10. 


Case 13. — ^A patient had been operated on previously for an osteomyelitis of 
the femur. By the end of the second week the wound looked healthy; there 
were no other foci demonstrable; the fever was practically at the normal level, 
and there was no reason to suspect a bacteriemia. A blood cultivation, which 
was accidentally made within a short time after a dressing, shovyed several 
colonies of Staphylococcus aureus. This, too, was undoubtedly a temporary 
bacteriemia. Other blood cultures were uniformly negative. 

CLASSIFICATION AS REGARDS BACTERIEMIA 

In actual practice it is found that cases of infection can be of three 
kinds, as regards the presence of a bacteriemia : 

1. In the first variety a focus of infection is present with well marked 
local signs and symptoms but without any clinical signs of a genera 
blood infection. A bacteriemia is not present. The: physical basis for 
this variety lies (a) in a primary and temporary bacteriemia; ip') tb^ 
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development of a fixation point, and (r) in the subsequent spontaneous 
disappearance of the bacteriemia. 

2. In the second variety a well marked focus of infection is present 
with abundant local signs and symptoms and, in addition, there are 
clinical indications of a bacteriemia as evidenced by the general signs 
and symptoms and by the demonstration of living bacteria in the blood 
stream. The physical basis for this variety is the presence of an infected 
thrombus-embolus formation which serves to keep up a demonstrable 
bacteriemia by constantly feeding into the blood stream a comparatively 
small number of viable organisms: Commonly, after efficient surgical 
treatment, the bacteriemia eventually disappears and a recovery is made. 



Fig. 8. — Temperature curve in Case 12. 


It must be remembered that any of these cases may at any time pass into 
the third group. The possibility also exists, as mentioned in a preceding 
paragraph, of the local focus of infection in cases of this variety 
becoming a secondary point of distribution. 

3. The clinical picture of the cases m this group is that of a pro- 
found general infection; there is a marked toxemia. A local focus of 
infection is either not demonstrable at all because of the paucity of local 
signs and symptoms, or because the latter are hidden in the profound 
intoxication, or, if present, the local lesion is easily recognized as being 
of no consequence in the total clinical picture. The physical basis of the 
picture lies in an extreme and severe general blood infection with highly 
virulent organisms in which the bacteria are rapidly multiplying in the 
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blood stream and because of which the subject is rapidly being, over- 
whelmed by a tremendous intoxication. The presence of the infected 
thrombus-embolus formation forms a negligible factor and the few 
organisms that are derived from this source play only a primary and 
inciting part in the production of the bacteriemia; the subsequent mul- 
tiplication in the blood stream depends on other factors, the most 
important of which lie in the high virulence of the infecting organism 
and in the poor resistance of the subject. An endocarditis is usually 
found under these conditions. In this variety the local point of fixation 
plays no role in the production of any part of the clinical picture. 
Usually the latter is not in an advanced stage at the time the lesion is 
exposed, either on the operating table, or, as more commonly happens, in 
the necropsy room. 

In actual disease it seems certain that the cases differentiated in these 
three groups form progressive stages each from the next preceding 



Fig. 9. — Temperature curve in Case 13, 


group. A case in Group 1 may pass into Group 2 ; and, conversely, a 
case in Group 2, either because it had been appropriately treated, or 
spontaneously, may retrogress into Group 1 as it proceeds to healing and 
recovery. These interchanges are constantly occurring in clinical surgery. 
A case in Group 2 may pass into Group 3 as is previously noted ; usually 
under such conditions there is a continued progression until the eventual 
fatality. In actual practice cases in Group 3 must necessarily first pass 
through the stage indicated by Group 2; the time interval may be so 
short, however, owing to the virulence of the infecting organism, as to 
be unrecognizable. One can explain the cases that apparently begin with 
the characteristics of the cases in Group 3 in this way. In many cases 
characteristics can be distinguished which belong to both Group 2 and 
Group 3 ; and so far as any case partakes of characteristics not belonging 
to its group, it differs in its clinical manifestations. I have never seen 
a case in Group 3 retrogress spontaneously into Group 2; it seems 
almost impossible to believe that such retrogression can ever occur. 
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From the facts stated here it becomes apparent that in any given 
case the presence of a bacteriemia must be referred: (1) to the primary 
lesion if this be present; (2) to any subsidiary lesion or to a number 
of them; (3) to the presence of a bacterial endocarditis, or (4), to a 
combination of these. In actual practice the relationship of the bac- 
teriemia to the demonstrable lesions becomes an all important one and 
in certain cases valuable deductions can be drawn ; 

1. A single focus is apparently present in the presence of a bac- 
teriemia in which comparatively small numbers of organisms are demon- 
strable in the peripheral blood. If, following an adequate opei'ation in 
which the entire focus is removed, the bacteriemia disappears, it can 
properly be assumed that the bacteriemia resulted from that lesion. If, 
however, the bacteriemia persists after operation, and the surgeon is 
certain that the entire focus has been removed and the appearances of the 
resulting wound are healthy and corroborate this impression, the per- 
sistence of the bacteriemia may be used as evidence that some other focus 
exists which is causing the bacteriemia and which must be found and 
eradicated before the blood can become sterile and before cure can be 
affected. If, after a second focus is found and corrected, the bacteriemia 
still persists and the number of demonstrable organisms in the peripheral 
blood does not increase appreciably, indicating that the organisms are 
not multiplying in the circulation, a search, for other foci must be made 
and a bacterial endocarditis must be excluded. The original focus should 
also be revised surgically. In the absence of these, the explanation of 
the bacteriemia becomes impossible for the moment even though it must 
necessarily be assumed that somewhere in the body an infected thrombus 
exists which is feeding bacteria into the circulation and which for the 
moment is not demonstrable. Prognoses under such conditions should 
always be made guardedly and with reservations, even though quite 
frequently eventual recovery ensues owing to the natural protective 
powers of the individual. 

2. When several foci exist in the presence of a bacteriemia similar 
rules are followed and the explanation of the bacteriemia becomes a 
matter of exclusion. 

3. In any case the relative numbers of bacteria demonstrable in the 
peripheral circulation in successive blood cultivations during the con- 
tinued illness of the subject gives in appropriate cases valuable data for 
making prognoses : (a) Decreasing numbers of demonstrable organisms 
are associated with good prognosis. (6) Stationary numbers, when not 
too large, are associated with favorable prognoses, but with reservations. 

(c) When the numbers of bacteria are increasing, guarded prognoses 
should be given because the condition at the moment is a progressive one. 

(d) In the presence of large and overwhelming numbers of bacteria in 
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the peripheral blood, distinctljr bad prognoses are indicated; usually 
the clinical picture is in accord with this. Increasing numbers of bacteria 
in the peripheral blood may diminish and disappear, especially if it is 
possible to eradicate completely the guilty foci. This is commonly seen 
in clinical practice. In the presence of bacterial multiplication in the 
blood stream, when large and overwhelming numbers are demonstrable 
in the peripheral blood, regression apparently is not possible. 

4. In cases in which the bacteriemia continues in a comparatively 
unchanged condition in spite of all efforts, an endocarditis must be con- 
sidered. The presence of a constant murmur — ^to be distinguished from 
anemic murmurs — ^should be taken as evidence that thrombi are present 
on the heart valves from which the bacteriemia is derived. The great 
majority of fatal cases of bacteriemia and general blood infection have 
this lesion at death among others. 



Fig. 10. — Temperature curve in Case 14. 


Case 14. — young child was admitted to the hospital on the sixth day after 
the onset of an acute suppurative otitis media. The blood culture was sterile. 
There ‘was apparently no mastoid involvement. On the fifteenth day, an arthritis 
of one ankle developed which was incised on the seventeenth day. On the 
twentieth day the blood cultivations showed one colony which on smear showed 
gram-positive cocci and a gram-negative bacillus. It was not possible for the 
pathologist. Dr. Gross, to identify these organisms. On the twenty-fourth day 
a focus developed in the. left wrist and elbow, and on the twenty-fifth day me 
blood cultivation was sterile. The otologist, Dr. S. J. Kopetzky, suspected t at 
a sinus thrombosis was present in association with the otitis media, but e 
physical signs and other evidence did not warrant any operative intervention. 
The child subsequently recovered. 

This must have been a temporary bacteriemia of some sort. A good prognosis 
was always entertained and the impression proved correct. 

I refer again to Case 2. In spite of the fact that the temperature and 
other constitutional symptoms continued during the time the bacteriemia 
was present, a guardedly favorable prognosis could be made. This was 
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possible because of the small number of bacteria in the circulation and 
because of the general condition of the patient. 

Case IS. — A. young man developed an infection of the finger with high fever 
ten days before admission to the hospital. The temperature continued after the 
. finger had been properly incised and two days later a carbuncle of the back of 
the thorax developed. Three days later the latter was incised. The temperature 
continued, however, and two days afterward the patient began to cough and 
brought up bloody sputum. On the day of admission, the eleventh of his illness, 
the physical examination showed a healing wound on the back and rales in both 
lungs, especially in their upper parts. The blood cultivation of the peripheral 
blood showed 190 colonies of Staphylococcus aureus. As shown in the chart, 
the number of colonies in the blood culture steadily declined until on the seven- 
teenth day there were only 2S colonies per cubic centimeter of blood. Meanwhile 
the physical signs in the chest had increased until they were those of a confluent 
bronchopneumonia and the general ‘condition of the patient remained fair. 



Fig. 11. — ^Temperature curve in Case 15; the figures represent the number of 
colonies of Staphylococcus aureus; A, numerous colonies. 


During the last week of his illness the number of colonies again increased, 
the general condition deteriorated and the patient finally died. 

During the first week the prognosis was certainly a most grave one but there 
seemed to be some hope from the continual improvement in the bacteriemia. 
The character of the physical signs and the general appearances of the patient 
contradicted this. In the last week all the available evidence seemed to indicate 
that a fatal issue would ensue. 

Case 16. — A patient was admitted to the hospital on the third day after he 
had been kicked in the knee. The admission temperature was 105 F. and the 
constitutional symptoms were those of a profound infection. An osteotomy was 
immediately done for an acute osteomyelitis. The bacteriologic studies showed 
Staphylococcus aureus in the pus from tlie bone and 25 colonies of the same 
organism in each cubic centimeter of blood. The after history suggested that 
the opening of the focus in the bone had no influence on the course of the illness, 
and death occurred four days later. Two days before death there were ISO 
colonies of Staphylococcus aureus per cubic centimeter of blood. The prognosis 
was bad from the time the patient was first seen. 
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Case 17 . — A young woman developed a malignant pustule of the face with 
high temperature. Bacillus anthracis was found in smears taken from the wound 
and the blood culture showed innumerable colonies of anthrax bacilli. This was 
a hyperacute general blood infection from the start. A bad prognosis was 
immediately made. 

Case 18. — patient was admitted with a tonsillitis and high fever. The 
initial temperature subsided after the second day but returned the next day and 
steadily climbed to 105 F. Signs of a bronchopneumonia developed in one lung 



Fig. 12. — Temperature curve in Case 16. 



Fig. 13. — Temperature curve in Case 17. 


and toward the end of the illness jaundice developed. The general appearance 
were those of a severe infection. A cultivation of the blood made on the seven 
day of the illness and at the height of the temperature showed many coonie 
of a hemolytic streptococcus. 

C.^SE 19. — A patient developed abdominal symptoms shortly after an acute 
tonsillitis. There were pain and cramps, most marked in the left lower 
quadrant, with some nausea and vomiting and a temperature of 103 F. ^ 
physical examination showed objective signs of a spreading peritonitis ans> 
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from the pelvis. The vaginal and rectal examinations gave no positive findings. 
Laparotomy showed a diffuse peritonitis and spreads of the exudate showed 
pneumococci. The course of the illness was a progressive one and the temperature 
is shown in Figure 16. The blood culture was positive. The patient died. 

There is room for a difference of opinion as to whether the portal 
of entry for the infection was the tonsil or the genital tract. The prog- 
nosis was bad from the time the patient was first seen. The peritonitis 
was a secondary focus of the infection and it is not possible to say 
whether the bacteriemia was referable to the primarj' or to the secondary 
lesion. A general blood infection (multiplication of the organisms in 
the blood stream) was present before death. 

Case 20. — young girl developed a focus of infection in the general region 
of the right groin with general constitutional symptoms indicating a profound 



Fig. 14. — ^Temperature curve in Case 18. 


infection. Operation showed that an infection had centered in the right hip joint, 
that the process had ruptured through the hip capsule, and that an abscess had 
formed outside the joint in the groin. Ample incision and drainage made no 
apparent effect on the signs and symptoms exhibited by die patient. The tem- 
perature curve up to the time of death is shown in Figure 17, and demonstrates 
the progressive nature of the disease. A cultivation of the peripheral blood 
made on the second day of the patient's stay in the hospital showed 20 colonics 
of nonhemolytic streptococci per cubic centimeter of blood. Five days later, 
two days after operation, there were fifty colonies of bacteria per cubic centi- 
meter of blood; two days before deatli there were more than 100 colonies per 
cubic centimeter of blood. Pus from the joint and inguinal abscess showed non- 
hemolytic streptococci also. There was no postmortem examination. 

It may be taken for granted that a focus of this kind is always a 
secondary one during the course of an infection. It was not possible, 
either from the history, the physical examination, or the subsequent 




254 


ARCHIVES OF SURGERY 


observation to determine the primary focus of the infection. This, too, 
was a progressively increasing infection and the patient was first seen 
in the stage in which a bacteriemia had already been established. The 
fact that the number of colonies demonstrated in the blood cultivations 
increased in the second blood examination gave great grounds for making 



Fig. 15. — Sketch from roentgenogram in Case 19: A, primary osteotomy in 
radius ; C, necrotic bone (sequestrum) whicli represents the spread of the focus 
at A by a spreading thrombosis, and B, involucrum around the sequestrum. 

« 

an unfavorable prognosis, and this was borne out by the clinical mani- 
festations. There was a terminal general blood infection, 

C-vsE 21. — On the ninth day after a radical operation for carcinoma of the 
breast, the temperature and other clinical manifestations indicated that everything 
was going well. On the tenth day, there was a sudden rise in temperature, as 
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indicated in Figure 18- On the subseQuent dnys the tempersture whs high, 
remittent and was marked by daily chills. There was edematous swelling of 
the upper flap of the wound, where it overlay the axillary vein and the arm 
became swollen in the next twenty-four hours. There was no retention, or 
other abnormality in the wound, and no other cause, by physical examination 
and by roentgen ray, to account for the symptoms. The physical characteristics 
of the wound and the swelling of the arm indicated that the diagnosis was 
a thrombosis of the axillary vein. Cultivations of the peripheral blood were 
sterile at this time. 

SIGNIFICANCE OF CHILLS 

In many of the cases cited it is to be noted that there is a succession 
of rises and falls in the temperature curve interpolated by numerous 



Fig. 16 . — Temperature curve in Case 19. 


chills. Such a temperature curve is always to be associated with bacterial 
thrombophlebitis in which the pathologic process is in an active stage 
and in which emboli are constantly being detached from the mother 
thrombus. Each of the chills and its subsequent rise of temperature 
corresponds to the breaking off of one or more parts of the thrombus 
and their discharge into the circulation as emboli, and with a .sudden 
flooding of the circulation with organisms. The question whether these 
organisms are immediately destroyed conjpletely or partiall}' or are not 
interfered with at all, and whether the organisms so discharged 
into the circulation then proceed to multiply, is one that is intimatel}' 
concerned with the bacteria destroying properties of the blood and, to an 
equal e.xtent, with the virulence of the bacterial poisons set free in ilie 
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blood stream. The diflferentiation between bacteriemia and general 
blood infection, as previously defined in this article, and the occurrence 
of sterile blood cultures depends on the various relations of these all 
important general factors and the relative dominance of any one over 
any and all others. 

The presence of chills in Case 21 indicated that this was not a qui- 
escent thrombosis but an active one and that pieces of the thrombus had 
continued to be broken off at various times. The impossibility of dem- 
onstrating bacteria in the peripheral circulation indicated that the bacteria 
destroying powers of the blood were sufficient at this time to kill the 
bacteria as fast as they entered the circulation. 

The question of prognosis was an important one at this stage of the 
illness. The general condition of the patient continued undisturbed and 
except for the fact that there were these daily rises of temperature and 



Fig. 17. — ^Temperature curve in Case 20. 


repetitions of the chills, which incommoded the patient only while they 
lasted, there were no subjective or objective general manifestations indi- 
cative of the grave condition present. The condition of the wound con- 
tinued as described. In clinical surgery such abnormalities of behavior 
occur after operation and usually these are only of temporary signifi- 
cance and disappear subsequently. The fact that a negative blood culture 
was obtained also was encouraging. A carefully guarded, favorable 
prognosis was, therefore, made at this time. 

To continue the subsequent history: 

During the fourteenth, fifteenth and sixteenth days after operation the daily 
level of the temperature showed a gradual decline. This was not coincident 
with any marked difference in the local conditions of the wound or in the 
general clinical manifestations. At this time we were much encouraged. 

On the seventeenth day the temperature rose again and during the succeeding 
night and on the next day the chills were repeated. On the eighteenth day 
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the patient vomited for the first time. The general condition of the patient was 
still good. After continuing for two days the temperature again fell to 101,1 F. 
only to rise again to 104 F. on the same day. On the twenty-second day a sub- 
cutaneous abscess was discovered at one side of the scar and this was incised 
immediately. The incision and drainage, however, made no change in any of 
the clinical manifestations and from this time on, the temperature continued at 
a high level. 

On the twenty-fifth day, there developed a persistent abdominal distention 
with nausea and continual vomiting of small amounts of bilious material. The 
bowels moved freely and the evacuations were of a diarrheal nature. The abdo- 
men was soft in spite of its distention and was entirely free of pain, rigidity or 
tenderness. Nevertheless, I felt sure that a secondary lesion was going on in 
the abdominal cavity which I assumed was some form of a peritonitis. 

A blood cultivation of the peripheral blood made on this day showed 26 
colonies of hemolytic streptococci per cubic centimeter of blood. An abdominal 



Fig. 18. — ^Temperature curve in Case 21. 


aspiration was done and a few cubic centimeters of turbid fluid was obtained 
from the right flank. This was reported by Dr. Bernstein as contahiing no 
pus cells or bacteria on smear and as being bacteriologically sterile on culture. 
The patient’s general condition began to deteriorate on this day. 

The development of a secondary focus and the presence of a bac- 
teriemia corroborated our assumption that a thrombophlebitis was present 
in one of the veins in the operated territory, most probably the a.xillary 
vein. The presence of the bacteriemia demonstrated that the resisting 
powers of the patient were flagging and that the organisms had estab- 
lished their position in the blood stream. From the relatively small 
number of organisms demonstrable, it was not possible to distinguish 
whether any multiplication of organisms was taking place in the circu- 
lation and whether enough natural protection still remained to Iceep the 
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number of organisms down to a low level. Probably some degree of 
multiplication must have taken place. 

The laboratory data proved disturbing to the assumption that a peri- 
tonitis was present. The physical findings were suggestive and subse- 
quently the continuance of the abdominal distention, of the nausea and 
of the frequent vomiting were seemingly not explainable except on that 
basis. At no time could we distinguish a pulmonary lesion to which 
abdominal distention might be a secondary manifestation, and on several 
days we could elicit the physical signs of ascites. 

About this time the patient began to be drowsy. On the twenty-seventh day 
after operation the patient was deeply drowsy and could be aroused only with 
much- effort. The general condition of the patient was poorer. There was 
increasing rigidity of the neck and a well developed Kernig’s sign. In the 
evening the patient seemed stuporous. 

On the twenty-eight day after operation all the symptoms had progressed 
and the diagnosis of meningitis seemed certain. This was corroborated by a 
lumbar puncture which released from the cerebrospinal space a few cubic 
centimeters of clear fluid in which Dr. D. J. Kaliski found 161 cells per cubic 
centimeter of which 88 per cent, were polymorphonuclear cells, and numbers of 
streptococci. 

The infection of the meninges also was a secondary focus in the 
course of the infection. There were two possibilities: (1) that the 
meningeal focus was subsidiary to the primary lesion in the operative 
field ; or (2) that the meningeal lesion was subsidiary to the secondary 
focus, whatever that might eventually prove to be, within the abdominal 
cavity. There were no data of any kind to help in making the decision 
and this question remained in doubt. 

The development of this subsidiary focus, of course, removed any 
likelihood of the recovery of the patient and from this time on we looked 
for a fatality. 

We resorted to several methods in the hope of removing the bacteriemia. A 
transfusion of blood was given to the patient. There was no time, of course, 
to give blood from an immunized donor. There was no apparent benefit follow- 
ing the transfusion. Full doses of gentian violet were given intravenously on 
several days. Except for a temporary fall in the temperature following the first 
of these, these injections also were followed by no apparent benefit. All of the 
signs and symptoms continued to increase progressively and on the twenty-ninth 
day after operation the patient died. 

A postmortem examination of the body was made by Dr. Friedman. 
The notes of this are as follows : 

The operative wound was in good condition. The axillary vein contained a 
thrombus in tlie region underlying the clavicle. This lay rather loosely in the 
lumen of the vein, was not obturating and was apparently unattached. The wall 
of the vein was apparently intact. There was a fresh bacterial endocarditis 



WILENSKY— MECHANISM OF BACTERIAL INFECTION 259 

with perforation of the valve cusps. There was an obturating thrombus in the 
terminal portion of the ileocolic artery. There was no peritonitis. There was 
no pneumonia. 

This case is a most illuminating one and illustrates many of the 
points brought out in this article. The original point of entr\’ for the 
infection was in the stump of one of the branches of the axillary vein 
in the operative field; because of some obscure factor, tlie thrombus 
which normally should occlude a ligatured vessel up to the point of 
junction with the next larger branch — ^in this case, the axillary vein- 
continued into the lumen of the latter; this made the mother thrombus. 
When this grew large enough, it presumably broke away from its 
point of attachment in the stump of the relatively small ligatured 
branch. Pieces of the mother thrombus breaking off and circulating 
through the vascular network of the body gave rise to the other lesions 
and foci detailed in the report of the case. Each accident of this 
kind, i. e., separation of one or of a shower of emboli, was marked 
clinically by a chill and a subsequent rise of temperature. As soon as 
bacteria began, to grow on the surface of the \’arious thrombi and 
emboli, bacteria began to appear in the circulating blood and were 
demonstrable in the cultivations of the peripheral blood. Later, the 
positive blood cultures were most probably due to the vaUmlar lesion. 

The presence of the abdominal distention, nausea and vomiting was 
finally explained by the presence of the embolic thrombus in the ileo- 
colic artery. The interference with blood supply was undoubtedly 
much less than at the beginning; this corresponds with some diminution 
of the clinical symptoms referable to the abdomen in the terminal part 
of the illness. 

Vascular thrombosis in a focus of infection acts as an important 
factor in delimiting the size of the lesion and in explaining its gradual 
or sudden enlargement. Thromboses that do not increase are asso- 
ciated with foci that remain stationary and undergo healing. Throm- 
boses extending by contiguity along the vascular pathw’ays are asso- 
ciated with lesions that increase in size. A similar spread of a focus 
of infection can also be secured by penetration of the bacteria along the 
lymphatic channels. Sudden increase of the thrombotic process, as, for 
instance, when a vascular bifurcation is reached or when a main 
nutrient vessel is reached explains the apparently sudden exacerbations 
that sometimes take place in foci of infection that are apparently doing 
well, and the sudden appearance of bacteriemia, or of general blood 
infection. In certain organs and tissues, notably bone, it explains the 
many obscure manifestations that are constantly being seen as regards 
the difference in the size of the initial focus and its immediate partial 
regression when collateral circulation is established, and of many 



260 


ARCHIVES OF SURGERY 


phenomena which are constantly occurring and which are difficult of 
explanation on other bases. 

Case 19. — ^The notes of this case illustrate how impossible it would be to 
explain the clinical phenomena except on the spread of the thrombo-embolic 
process. A young girl was operated on for a focus of osteomyelitis in one 
radius. A radical osteotomy was immediately done and thereafter the wound 
did well. At a subsequent dressing the appearances of the wound were those to 
enable one to strap the lips of the wound together with the -expectation of an 
immediate agglutination; this occurred and about ten days later it appeared that 
the wound had practically healed. The patient returned several days later with 
a recrudescence in the arm and a roentgenograih (Fig. 5) showed something 
that appeared at first sight as a new focus close to the old one. This, however, 
was in reality a spreading of the original focus by retrograde thrombosis until 
a large trunk vessel had been reached in which the extension of the thrombosis 
and the spread of the infection had caused the involvement of another area of 
the same bone and the formation of a sequestrum. 

Subsidiary foci of infection have often been termed fixation points 
on the supposition that, when such a secondary focus forms, it attracts 
to itself any bacteria that are present in the circulation and renders the 
latter sterile. This is true in the sense that the embolus that originates 
the subsidiary focus is the only part of the primary thrombus that 
carries the organisms from which the bacteriemia is derived, and that 
when the embolus is caught at its fixation point and properly blocked 
off by thromboses around itself no further discharge of bacteria can 
occur, at least temporarily. It is still possible for a bacteriemia or 
general blood infection to be derived from the primary thrombus at 
the original portal of entry of the infection or from others of its emboli 
that are being discharged either simultaneously or subsequently to the 
formation of the fixation point. In actual practice the bacteriemia does 
or does not disappear in accordance with the physical characteristics 
of the mechanism as here described. 

This assumption is also true in the sense that sterile portions of a 
thrombus may form sterile emboli which, becoming caught at some 
point of the vascular net\vork, form fixation points for the subsequent 
localization of any bacteria or bacterial emboli that may penetrate the 
circulation. 

DISPOSAL OF B-A.CTERIA ON RECOVERY 

The ultimate fate of the bacteria in a case of infection from which 
recovery is made is a manifold one : 

1, The organisms are taken up by the various protective cells, anti- 
bodies and fluids of the body until dissolution of them occurs, 

2. Organisms are extruded and cast off from any operative or 
traumatic wound that is present. 
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3, Organisms tliat reach the liver disappear in their passage through 
the liver. In this regard it is known that certain classes of organisms 
are dissolved by bile. 

4. Organisms are excreted from the intestinal tract, as in typhoid 
fever. 

5. Organisms are excreted in the urine. In passing through and 
out of the urinary tract, the bacteria may leave no trace of their pres- 
ence, or may cause surface infection of the lining epithelial membrane 
under proper conditions. The various other forms of nephritis or 
nephrosis that occur during an infection are due to the same thrombo- 
embolic phenomena previously described and to extension along the 
lymphatics of the kidney. 

6, Small groups of organisms are isolated in the granulations of 
the healing wound and become encysted in the resulting scar tissue, or 
become encysted in organized thrombi. Sometimes as in typhoid bone 
infections they form sources from which subsequent secondary 
infections arise. 



SODIUM CHLORIDE METABOLISM IN CUTANEOUS 
BURNS AND ITS POSSIBLE SIGNIFICANCE 
FOR A RATIONAL THERAPY* 


EDWARD C. DAVIDSON, M.D. 

DETROIT 

The disturbance of fluid balance following extensive cutaneous bums 
is a well known phenomenon. Even though the fluid intake is relatively 
great during the first twenty-four hours, there is a marked urinary 
suppression. The normal ratio between fluid intake and output usually 
does not become established before the end of from forty-eight to 
seventy-two hours. During this period, the urine is deeply colored, has 
a high specific gravity, and may contain a trace of albumin. In view 
of this apparent suppression of the renal function and the fact that 
sodium chloride is badly tolerated by kidneys showing irritative lesions, 
it seemed desirable to study the sodium chloride metabolism and its 
relation to protein metabolism. 

A number of observers have investigated the nitrogen metabolism in 
extensive bums. Robertson and Boyd^ found that the nonprotein 
nitrogen of the blood was increased from 40 to 50 per cent in rabbits 
following burns. This was largely due to a relative increase of urea 
nitrogen, which constituted from 80 to 90 per cent of the total non- 
protein nitrogen as is usually the case in rapid nitrogen retention. They 
attributed this rise to increased protein catabolism. Underhill and his 
associates - observed a similar elevation of the blood nonprotein nitrogen 
and urea nitrogen, but thought it due to blood concentration. Davidson ® 
reported a suggestive parallelism between the blood nonprotein nitrogen 
and the clinical condition of the patient. 

The chlorides of the blood in the normal person are relatively con- 
stant. Gettler and Baker ^ state that the normal whole blood chlorides 
vary from 450 to 500 mg., while the plasma chlorides, calculated as 
sodium chloride, vary from 560 to 640 mg. per hundred cubic centi- 

* From the surgical service of the Henry Ford Hospital. 
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lucters. AIcLcaii and Van Slykc ** place the normal chlorides of whole 
blood at 490 mg. per hundred cubic centimeters and the normal plasma 
chlorides at from 597 to 614 mg. 

T, lie only recorded blood chloride observations in burned persons are 
those by Underhill - made in conjunction with studies on blood concen- 
tration. He did not record any urine examinations and the blood 
chlorides were determined for a maximum of three days. In a number 
of cases only one specimen of blood was analyzed. A lowering of blood 
chlorides was observed and was explained on the basis of blood concen- 
tration in res[X)nse to the local inflammatory reaction and the pouring 
out of plasma on the skin surface. He concluded that in the rapid 
interchange of fluid during the inflammatory stage of burns the sodium 
chloride functioned prominently. 

METHOD 

Patients were placed on a diet® that consisted of approximately 
60 Gm. of protein with sufiicient fat and carbohydrate to give a total 
caloric value of about 2,500 calories. The sodium chloride content of the 
<liet was appro.ximately 9 Gm. The amount refused was weighed and 
the total ingested food calcidated. Fluids were forced energetically. The 
twenty-four hour intake of fluid was measured and the total urine col- 
lected. Periods ended at 7 a. m. when the patient was requested to 
void so that the division into day periods would be as accurate as 
possible. A specimen of blood was taken at this time. Heparin was 
generally used as the anticoagulant but occasionally sodium oxalate was 
employed. 

The whole blood chloride values were determined in all instances by 
the Whitehorn method,’ In the case detailed in table 3, the whole 
blood chlorides and plasma chlorides were determined by both the 
Whitehorn and Van Slyke® methods, to ascertain whether chloride 
could be bound with protein. The blood was collected and centrifugalized 
under oil and the analysis was done immediately to prevent any appreci- 
able change in the plasma chlorides “ due to a shift of chlorides between 
plasma and corpuscles. Plasma volumes were determined by cen- 
trifugalizing the whole blood for twenty minutes at 2,500 revolutions per 

5. McLean, F. C, and Van Slyke, D. D.: A Method for the Determination 
of Chlorides in Small Amounts of Body Fluids, J. Biol. Chem. 21:361-370, 1915. 

6. Locke, E, A. : Food Values, New York, D. Appleton & Co., 1920. 

7. Whitehorn, J. C. ; System of Blood Analysis, J. Biol. Chem. 45:449-460 
(Feb.) 1921. 

8. Van Slyke, D. D. : The Determination of Chlorides in Blood and Tissues, 
J. Biol. Chem. 58:523-529 (Dec.) 1923. 

9. McLean, F, C: The Numerical Laws Governing the Rate of Excretion 
of Urea and Chlorides in Man, I, An Index of Urea Excretion and the Normal 
Excretion of Urea and Chlorides, J. Exper. Med. 22:212-216, 1915, 
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minute. The nonprotein nitrogen was determined by the method of 
Folin and Wu and the carbon dioxide combining power by the method 
of Van Slyke.^’- For the total nitrogen in the urine Folin’s method was 
used, and for the chlorides the Whitehorn method. 

results: minor burns 

No alterations were found in either the blood or the urine chlorides 
in a group of seven cases of minor burns in which the lesions were not 
extensive and little tissue was actually devitalized, but in which the 
thermal agent was of sufficient intensity to cause a marked local edema. 
In table 1 are shown the results in a person who was burned to the 
first degree over the entire face and neck. There were a few small blebs 
over this area and the dorsum of each hand revealed a second degree 
burn. In this instance there was a normal chloride output in the urine 
and neither the whole blood nor the plasma chlorides revealed any 
striking change. 

Table 1. — Blood and Urinary Chlorides in Patient (Case 1) with First Degree 
Burn of Pace and Second Degree Burn of Hands 
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MODERATE BURNS 

A group of twelve patients with burns of somewhat greater extent 
and severity were observed showing second or third degree bums that 
involved a cutaneous area of somewhat less than 1,000 sq. cm. In 
general there was a transient but definite disturbance of chloride metabo- 
lism. The values for the blood chlorides fell but promptly returned to 
normal, while the urine revealed a mild, temporary chloride suppression. 
In figure 1 are shown the curves of the whole blood chlorides of the 
individual cases as well as the average curve for the group. An initial 
fall is noted with a secondary rise to normal limits, the latter taking 
place on about the fifth or sixth day. 

10. Folin, O.: Laboratory Manual of Biological Chemistry, New York, D. 
Appleton & Co., 1922. 

11. Van Slyke, D. D.: A Method for the Determination of Carbon Dioxide 
and Carbonates in Solution, J. Biol. Chem. 30:347-368 (June) 1917. 
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In table 2 are shown the results in a case of second degree burn of 
the left leg below the knee. In this instance there was a striking fall 
of both the whole blood and the plasma chlorides. There was a slight 
diminution of urine chlorides and a markedly increased output of 
nitrogen in the urine. Plasma volume and blood counts revealed no 
evidence of blood concentration. The carbon dioxide combining power 
remained practically unchanged. 

EXTENSIVE BURNS 

Observation was made of a group of twelve subjects with extensive 
burns in whom the lesions were of second or third degree and involved 



Fig. 1. — ^Whole blood chlorides following moderate burns. 


a cutaneous area varying in size from about 1,000 sq. cm. to a maximum 
of 24 per cent of the total body surface. Figure 2 shows the whole 
blood chloride curves of the individual cases as well as the average curve 
for the group. A fall was noted similar to that seen in less extensive 
burns. However, this persisted during the entire time that the tissue 
devitalized by the bum was present. On its separation, elevation to 
normal limits occurred. It will be observed that the average whole 
blood chloride curve for the group did not approach normal until after 
the seventeenth day. 

Table 3 summarizes the results in a third degree burn extending 
from the right ankle to the buttocks. The anterior aspect of the right 
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thigh revealed a second degree burn. During the early period of 
observation the diet was inadequate because of the patient’s refusal to eat. 

The hemoglobin determinations, red blood cell counts and plasma 
volume observations reveal a striking blood concentration during the 
first five days, after which blood dilution took place gradually, and a 
moderate anemia developed. The plasma volume reached a maximum of 
64.2 per cent by volume, the red blood cell count fell to 3,010,000 per 
cubic millimeter, and the hemoglobin dropped to 69 per cent. 

The whole blood and plasma chlorides showed a gradual fall during 
the first nine days and then returned slowly to normal. During this 
time there was no true relationship between the plasma volume and the 



Fig. 2.— Whole blood chlorides following extensive burns. 


chloride values (figs. 3 and 4). During the first two days, when the 
blood was most concentrated as evidenced by the low plasma volume, 
the plasma and whole blood chlorides were just beginning to fall and 
did not reach the low point until the tenth day when the plasma volume 
had returned to normal. The urinary chlorides were strikingly dimin- 
ished and tliis diminution is seen to bear a direct relationship to the 
lowered plasma chlorides (fig. 5). In convalescence, when most of the 
sloughs had separated, there was a sudden outpouring of chlorides in the 
urine (fig. 6) quite similar to that seen following the crisis in pneumonia. 
After this time there was a fairly normal ratio between the salt intake 
and the chloride output. 
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Fiji. 3 (case 13).~WlioIc blood chlorides in relation to plasma percentage by 
volume. 



Fig. 4 (case 13). — Plasma chlorides in relation to plasma percentage by 
volume. 
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The nonprotein nitrogen of the blood was relatively high during the 
first ten days of observation and the nitrogen output in the urine was 
tremendously increased (fig. 6), so that the patient was in negative 
balance until practically all the sloughs had separated. 

During the entire period of observation there was no characteristic 
alteration in the carbon dioxide combining power of the plasma. In 
spite of the marked metabolic disturbance the temperature elevation was 
not high. 

In table 4 are summarized the results of whole blood chloride and 
nonprotein nitrogen determinations in relation to red blood cell counts 



Fig. 5 (case 13). — Plasma and urinary chlorides during period of three weeks 
following burn. 

and hemoglobin contents. In this group of cases there has been observed 
a definite lowering of the whole blood chlorides. Alterations of the 
hemoglobin and red cell count have not paralleled the changes in the 
whole blood chlorides. In a number of instances low whole blood 
clilorides were observed when the red blood cell count and hemoglobin 
percentage were normal or below. 

Figure 7 shows the relationship of whole blood chlorides to tempera- 
ture and pulse in a person who had a second degree burn of the 
abdomen, legs and hands which involved altogether about 18 per cent of 
the total body surface. It is seen that the low blood chlorides persisted 
after the temperature had reached normal. 
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Tabib Aj— B lood Chlorides and Nonprotein Nitrogen in Relation to the Henujglobin 
Percentage and Red Blood Cell Counts 


Wliole Blood 




Sodium 

Nonprotein 





Chloride 

Nitrogen 

Bed Blood 




per 100 Cc., 

perlOOCft 

CelB. 

Hemoglobin 

Case 

Bate 

Hlg. 

Mg. 

per Cmm. 

percent 

2 

1/29/25 

420 

37.0 


« • • 


1/30/25 

310 

45.0 

5.0CO,000 

96 

3 

1/29/25 

300 

35.3 


• •• 


1/30/25 

310 

30.0 

4,530,000 

94 

* 

1/21/25 

500 

31.6 

4.%0,000 

80 


1/22/25 

lOO 

31.9 

4,370,000 

81 


1/23/25 

150 

33.0 

4,510,000 

SO 

S 

8/18/25 

360 

33.3 

4,250,000 

86 


8/19/25 

379 

37.0 

4,270,000 

87 


8/20/IS 

421 

40.0 

4,020,000 

78 


8/21/25 

ITS 

26.0 

3,650,000 

78 

6 

8/15/25 

460 

80.9 

4,360,000 

78 


8/16/25 

430 

31.2 




8/17/25 

390 

25.9 

3,520,000 

82 


8/18/25 

370 

28.5 

3,890,000 

75 


8/19/25 

400 

28.0 

3,920,000 

so 

1 

7/29/25 

460 

28.2 


• •• 


7/30/25 

360 

30.0 

3,990,000 

s: 


7/31/25 

420 

30.0 

4,240,000 

83 . 


8/ 1/25 

410 

33.0 

3,920,000 

80 


8/ 3/25 

490 

26.1 

4,000,000 

85 

8 

1/21/25 

^ 440 

32.3 

4,530,000 

90 


1/22/25 

460 

30.9 

4,490,000 

88 


1/21/25 

360 

31.2 

4,620,000 

90 


1/28/25 

380 

34.1 

4,320,000 

SO 

9 

3/11/25 

300 

39.5 

4,820,000 

S3 


3/12/25 

ISO 

46.0 


* • • 


3/13/25 


26.1 


90 

10 

11/10/24 

♦ • • 

38.0 

4,650,000 

90 


11/11/24 

370 

40.6 

4,000,000 

93 


11/13/24 

380 

34.1 


• •• 


11/11/24 

420 


3,590,000 

74 


11/18/24 

420 

33.0 

8,750,000 

72 

11 

8/22/25 

320 

25.9 




8/25/25 

350 

25.0 

3,840,000 

77 


8/26/25 

390 

30.0 

4,510,000 

72 


8/28/25 

380 

32.3 

3,510.000 

78 


8/29/25 

390 

26.1 

3,790,000 

68 


9/ 2/25 ' 

330 

26.8 

3,880,000 

70 


9/11/25 

400 

24.2 

3,050^000 

60 


9/17/25 

450 

2T.5 

8,750,000 

67 

12 

7/28/25 

400 

33.0 

4,720,000 

103 


7/29/25 

410 

28.9 

4,890,000 

98 


7/30/25 

370 

27.0 

4,340,000 

• • • 


7/31/25 

354 

30.5 

4,220,000 

93 


8/ 1/25 

396 

33.5 

4,420,000 

SO 


8/ 2/25 

421 

40.0 

4,360.000 

84 


8/ 9/25 

454 

40.0 

4,480,000 

90 

13 

10/20/25 

426 

36.8 




10/21/25 

385 

48.2 




10/22/25 

374 

60.8 

6.4SaOOO 

128 


10/23/25 

338 

44.4 

5.410,000 

111 


10/24/25 

362 

58.8 

5,400,000 

106 


10/25/25 

352 

61.2 

4,60(^000 

lOO 


10/26/25 

329 

. 55.0 

5,400,000 

93 


10/27/25 


40.0 

4,500,000 

78 


10/29/25 

353 

43.2 


78 


10/30/25 

376 

50.0 

4,’^m 



11/ 4/2S 

454 

25.9 

8,^,000 

76 


U/ 6/25 

478 

31.0 

3,530.000 

72 
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COMMENT 

The observations here reported reveal a striking alteration of chloride 
metabolism in cutaneous burns. To explain this phenomenon, diet, body 
temperature, loss of chlorides through vomiting, alkali therapy, altered 
renal threshold, concentration of blood, and finally transudation of 
plasma at the site of the burn must be considered. 

Mayer reduced the sodium chloride of his diet to 1.25 Gm. per 
day and after weeks of observation did not notice any deleterious effect, 
Austin and Jonas concluded from a series of feeding experiments in 
dogs that the plasma chlorides could not be elevated or lowered by 
alterations in chloride intake except in a very transient manner. Under- 
hill and Wakeman^^ found that the concentration of chlorides in the 
blood remains practically constant during fasting. In the cases presented, 
approximately from 7 to 9 Gm. of sodium chloride was given daily. 
Nevertheless, marked changes were found in the blood chlorides. In 
case 13 there was a low chloride intake during the early period of obser- 
vation due to the patient’s refusing to take his diet. This would in part 
account for the practical absence of sodium chloride in the urine during 
this period. However, even after he began to ingest sodium chloride 
an appreciable amount did not appear for a number of days. When 
the devitalized tissue at the site of the burn separated, there was an 
outpouring of sodium chloride in the urine which was greater than that 
provided by the diet (table 3 and fig. 6). These facts suggest that 
storage of sodium chloride takes place. 

The exact importance of fever in relation to chloride metabolism 
is not clear, as pointed out by Peabody.^® McLean found that in fever 
the average renal threshold for chlorides was 542 mg. per hundred cubic 
centimeters of plasma instead of the normal value, 562 mg. Practically 
all patients with extensive bums are febrile during convalescence. How- 
ever, in this series one patient (case 14) revealed a persistently low 
whole blood chloride after the temperature had become normal (fig. 7). 

12. Mayer, A.: Observations sur I’urine de I’homme sain soumis a une ali- 
mentation pauvre en chlorure de sodium, Cbmpt. rend. Soc. de biol. 58:377, 1905. 

13. Austin, J. H., and Jonas, L. : Effect of Diet on the Plasma Chlorides and 
Chloride Excretion in Dogs, J. Biol. Chem. 33:91-101 (Jan.) 1918. 

14. Underhill, F. P., and Wakeman, E. T. : The Behavior of Chlorides Intro- 
duced into the Blood Under Normal and Nephritic Conditions, J. Biol. Chem. 54: 
701-715 (Dec.) 1922. 

15. Peabody, F. W, : Studies of the Inorganic Metabolism in Pneumonia 
with Especial Reference to Calcium and Magnesium, J. Exper. Med. 17:71-82, 
1913. 

16. McLean, F. C. : The Numerical Laws Governing the Rate of Excretion 
of Urea and Chlorides in Man, II, The Influence of Pathological Conditions and 
Drugs on Excretion, J. Exper. Med. 22:366-388, 1915. 
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It should further be noted that in case 13 (table 3) the whole blood 
and plasma chlorides, after falling to a low level, returned to normal 
limits while the temperature was still elevated. Accordingly, tempera- 
ture per se could not explain this metabolic disturbance. 

Lowering of the blood chlorides is observed when the normal passage 
of hydrochloric acid from the stomach to the intestines is interrupted. 
This loss of chlorides has been assumed by some to explain the low 
blood chlorides observed in pyloric stenosis,^^ pernicious vomiting of 
pregnancy,*® and intestinal obstruction. Haden and Orr,*® however, have 



Fig. 6 (case 13). — Nitrogen and sodium chloride of diet and urine. 


shown that the same fall in blood chlorides occurs in rabbits with 
intestinal obstruction although rabbits cannot vomit. They have further 
shown by analysis of the vomitus that the chloride content is not suffi- 

17. MacCallum, W. G.; Lintz, J.; Vermilye, H. N. ; Liggett, T. H., and Boas, 
E. : The Effect of Pyloric Obstruction in Relation to Gastric Tetany, Bull. Johns 
Hopkins Hosp. 31:1-7 (Jan.) -1920. Murray, H. A.: The Chemical Pathology 
of Pyloric Occlusion in Relation to Tetany, Arch. Surg. 7:166-196 (July) 1923. 

18. De Wesselow, O. L. V.: The Variations in the Chloride Content of the 
Blood, Internat. Clin. 3:191-199, 1924. 

19. Haden, R. L., and Orr, T. G. : Chemical Changes in the Blood of the Dog 
After Intestinal Obstruction, J. Exper. Med. 37:365-375 (March) 1923. 

20. Haden, R. L., and Orr, T. G. : Chemical Changes in the Blood of the Dog 
After Pyloric Obstruction, J. Exper. Med. 37:377-381 (March) 1923. 


274 


ARCHIVES OF SURGERY 


dent to make up the defidency observed in the blood. In this group of 
cases, vomiting was not a contributing factor to the lowering of the 
blood chlorides for in only one case did this occur and then on two 
occasions only. 

Von Noorden has mentioned the possibility of depleting the body 
of sodium chloride by the administration of large quantities of alkaline 
carbonates. This may explain the observation of Haden and Orr that 
dogs with intestinal obstruction were in worse physical condition when 
given sodium bicarbonate than untreated animals were. Alkalis were 
not administered in any of the cases under discussion and so could not 



Fig. 7 (case 14). — ^Whole blood chlorides in relation to temperature and pulse. 


possibly be a contributing factor. In those cases in which the carbon 
dioxide combining power of the plasma was determined, there was no 
striking elevation at the time the blood chlorides were at a low level. 

Another possible explanation of the low whole blood and plasma 
chlorides is a lowering of the renal threshold with resulting blood deple- 
tion. In McLean’s exhaustive investigation of this problem he found 
that the threshold in diabetes mellitus averaged 512 mg. per hundred 

21. Von Noorden, C. : Metabolism and Practical Medicine, London, William 
Heincmann, 1907, 1:418. 

22. Haden, R. L., and Orr, T. G. : The Effect of Sodium Chloride on the 
Chemical Changes in the Blood of the Dog After Pyloric and Intestinal Obstruc- 
tion, J. Exper. Med. 38:55-71 (July) 1923. 
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cubic centimeters of plasma instead of the value 562 mg. found in normal 
individuals. He further observed that certain diuretics caused a lower 
threshold, which resulted in chloride depletion of the plasma to a point 
lower than the lowest value seen in normal persons. Were this the cause 
of the low whole blood and plasma chlorides in burned patients, exami- 
nation of the urine would show an increased chloride output. In 
case 13 there was practically a complete suppression of urinary chlorides 
(table 3 and fig. 5). Therefore, alteration of the renal threshold would 
not explain the low blood chlorides observed. The diminished output of 
chlorides in the urine appears quite analogous to that observed in' 
pneumonia and is not primarily renal. When the plasma chlorides 
fall below the renal threshold excretion ceases. As the blood chlorides 
again rise above the renal threshold, excretion begins. 

The low values of the whole blood and plasma chlorides might also 
be attributed to blood concentration. The sodium chloride content of 
normal plasma varies from 560 to 640 mg. per hundred cubic centi- 
meters, while that of the corpuscles is about 310 mg.®® Any factor that 
alters the proportion of cells to plasma in circulating blood changes the 
value of the whole blood chlorides. It may be seen in the determinations 
presented (fig. 3) that the whole blood chlorides remained low even after 
the plasma volume had returned to normal limits, and the red blood 
cell count and hemoglobin revealed no concentration. Were the low 
chloride values of whole blood due to a simple process of concentration, 
no alteration in the plasma chlorides would be anticipated. However, in 
those cases in which plasma chlorides were determined, the depression of 
the chlorides (fig. 4) was as striking as that observed in whole blood. 

It might also be urged that the fall in blood chlorides may be due- 
to the loss of sodium chloride at the site of the burn during the develop- 
ment of edema. The blood depletion would continue until tissue chlorides 
were mobilized. This might seemingly explain the initial fall which 
is occasionally seen in extensive burns, but were this the true explanation, 
the normal balance would be reestablished in a few hours. In case 1 
(table 1) the intensity of the thermal agent was sufficient to cause a 
marked edema but it caused little tissue destruction. Were the lowering 
of blood chlorides due to simple edema, a fall would be anticipated in 
this instance ; however, no change occurred. Were this the explanation 
of the phenomenon observed, the lowering of the blood chlorides would 
be transient, but from the other cases investigated it seems that the low 
values persist as long as sloughs are present. 

Finally, it might be asserted that the persistent low blood and plasma 
chlorides are due to loss of chloride and plasma in the wound. Undoubt- 

23. Norgaard, A., and Gram, H. C.: Relation Between the Chloride Content 
of the Blood and Its Volume Per Cent of Cells, J. Biol. Chem. 49:263-278 (Dec.) 
1921. 
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edly some loss takes place by this route, but it does not entirely explain 
the picture. In case 13, in which the burn was practically all third 
degree, the blood chlorides remained at such a low level that there was 
almost a complete suppression of urinary chlorides. When all the 
sloughs separated, leaving a raw granulating wound (fig. 8) much more 
favorable for the loss of plasma, the blood chlorides, instead of remain- 
ing at a low level as would be anticipated, immediately rose. There was 
a parallel rise of the urinary chlorides and later an outpouring of 
chlorides (fig. 6), which was greater than the daily intake. Finally, a 
fairly normal ratio between the sodium chloride intake and output would 
not become established until healing was complete if this explanation 
were correct. 

The chloride metabolism in bums is a complex mechanism, undoubt- 
edly involving a number of factors. These have been enumerated and 



Fig. 8 (case 13). — Granulating wound on twenty- fourth day. 


no one of them alone explains satisfactorily the alterations noted. There 
probably is some direct loss of sodium chloride from the lesion, but this 
does not appear to be great, because the blood chlorides reach normal and 
chloride excretion in the urine begins as soon as the sloughs separate, 
although a granulating wound still remains. 

In lobar pneumonia there is sodium chloride retention that is not 
accounted for by analysis of the involved lung tissue.^® The chloride 
seems rather to be concealed in combination with all the tissues and at 
the crisis there is a sudden outpouring of chlorides. A quite similar 
elevation of blood chlorides and the appearance of large quantities of 
sodium chloride in the urine took place in the case detailed in table 3 as 
soon as the sloughs separated. This observation suggests that sodium 
chloride had been stored in the tissues. 

The clinical condition of the patients under discussion has been 
reflected better by the level of the blood chlorides than by observations of 
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the nonprotein nitrogen. The analogy between intestinal obstruction, 
which is thought to be an intoxication due to some protein derivative, 
and the toxemia of burns is a close one. The clinical picture, the 
finding of increased protein catabolism, and alterations in the chloride 
metabolism are strikingly similar. Haden and Orr have presented the 
conception that in intestinal obstruction sodium chloride combines with 
the primary toxic material before it has an opportunity to cause tissue 
protein destruction. In a series of admirable studies they have demon- 
strated the protective and detoxifying effect of sodium chloride in 
intestinal obstruction. From the present observations and the analogy 
with intestinal obstruction it would seem that a rational therapy in bums 
would consist of the judicious administration of sodium chloride in an 
attempt to correct the metabolic deficiency. 

SUMMARY AND CONCLUSIONS 

In observations on the chloride metabolism of thirty-one burned 
patients, the lowering of the whole blood and plasma chlorides was 
significant. 

The fall in the blood chlorides was not wholly explained by altera- 
tion of the renal threshold, diet, fever, exudation, blood concentration, 
nor by vomiting. 

There was suggestive evidence that retention of sodium chloride 
took place. 

The diminished sodium chloride output in the urine was not due to 
primary kidney change but rather to a lowering of the plasma chlorides 
to a level below the renal threshold. 

The disturbance of chloride metabolism seemed proportionate to the 
amount of tissue devitalized. 

The retained chloride was not present in the blood in some unde- 
termined form. 

There was evidence of an increased protein catabolism. 

The observations suggest the administration of sodium chloride to 
correct the deficiency. 


CORRECTION 

Dr. Albert J, Scholl, Los Angeles, reports an error in the Review of Urologic 
Surgery appearing in the April issue of the Archives of Surgery. In the editorial 
note on page 937, the statement to the effect that Dr. Hager of the University of 
Wisconsin has had an extensive experience in the treatment of schistosomiasis in 
Santo Domingo should read: 

“Hager of the University of Wisconsin has had considerable experience in the 
treatment of tropical diseases indigenous to the West Indies,” 
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BLADDER 

Diverticulum . — Gayet and Cibert®^ reviewed their cases of diver- 
ticulum of the bladder. They state that they are inclined to modify 
their previous opinion that congenital diverticula were far more fre- 
quent than acquired diverticula. In twenty-two cases they found only 
five in which the disease was probably congenital. In the other seven- 
teen there was an obstacle to the flow of urine ; in ten cases the obstacle 
was prostatic adenoma, in six it was a stricture and in one a supura- 
tive cyst of the prostate. All patients were males. One case was 
interesting to study from an etiologic standpoint ; there was no kidney, 
no ureter, no seminal vesicle or vas deferens on the left side. Instead 
there were two large diverticular pouches on the left side of the 
bladder. Stiles reported a somewhat similar case. The authors state, 
“Certain diverticula, of rather rare occurrence, are due to incomplete 
development of ureteral buds, or seminal buds.” They also mention 
the following hypothesis, which had been first stated by Paul Delbet: 
Congenital diverticula may have their point of origin in the nondevelop- 
ment of a double ureter. Gayet and Cibert do not wish to insist on 
these hypotheses, because of the still unsettled state of knowledge of 
the embryology of the bladder; they state that an area particularly 
favorable to the development of diverticula exists in the region of the 
ureteral meatus which may in certain cases be included in the mal- 
formation, appear on the edges of the diverticular orifice or even be 
situated in the diverticulum itself. Noninfected, nonadherent diver- 
ticula are rare; most often there is some peridiverticulitis. Often the 

37. Gayet, G., and Cibert, J.: Quelques cas de diverticules de la vessie, J. d’urol. 
mod. et chir. 19:473-505, 1925. 
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orifice into the diverticulum. When the bladder is empty the diver- 
ticulum sometimes discharges its contents, but usually the act is very 
incompletely performed, and probably, in every case, some urine remains 
in it, even if special postures are adopted to encourage drainage by 
gravity, and, indeed, even after catheterization. 

The cystoscope and cystogram provide accurate means of diagnosis. 
Palliative measures are unsatisfactory and excision is the only satis- 
factory means of cure. Results of such operations are good but care 
must be taken that coexistent obstruction is not overlooked. When 
obstruction is present it must be suitably dealt with. 

[Ed. Note. — ^It is very important that the accompanying obstruc- 
tion of the bladder be dealt with properly. Some urologic surgeons 
state that if the obstruction is removed the diverticulum need not be 
disturbed. This is a somewhat radical view but it unquestionably holds 
true in the cases of small uninfected pouches. Removal of the obstruc- 
tion, whether by means of a prostatectomy or by excision of the vesical 
neck, increases the operative risk only slightly. In a series of fifty 
recently reported cases in which the diverticulum alone, was excised, 
three (6 per cent) patients died. In a second series of thirty-seven 
cases in which excision of the diverticulum and prostatectomy were 
performed, three (8.1 per cent) patients died. 

At times the suprapubic vesical wound is slow to heal after an 
operation for the removal of a diverticulum. While this may be due 
to the presence of an obstruction at the neck of the bladder, the latter 
may sometimes be impossible to demonstrate, and we have been inclined 
to feel that the poor contractility of the wall of the bladder and the 
vesical deformity might be responsible for the persistent suprapubic 
urinary sinus.] 

Jarosz reports a series of cases of diverticulum of the bladder 
from Hildebrand’s Clinic in Berlin. Pagenstecher states that congenital 
diverticula develop on the basis of a second bladder anlage. The 
musculature of the bladder withstands the pressure of urine for a time 
but later gives way to the formation of a sac or diverticulum. The 
diverticula are prone to develop first in the region of the ureteral 
outlets, next in the anterior or posterior wall, on the side walls, and 
last in the dome of the bladder. Blum states that congenital diver- 
ticula develop either through a defect in the formation of the bladder, 
an anomaly in the fetal anlage or as a result of urinary retention in 
fetal life. The developing type of diverticulum forms in later life as 
a result of straining on urination and an increase in the intravesical 
pressure. The condition may result from stone, prostatic hypertrophy, 

40. Jarosz, H. : Zur Kenntnis der Harnblasendivertikel, Ztschr. f. Urol. 19 ! 
722-733, 1925. 
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iitcihr;il ^lricunc ur even srnm jihhnoMs. Zacharirison toiuul a case in 
a a.^ctl 21 juuiuh>. v,hici\ wa^ cau>ed Uy a nuirked phimosis. 
Sj'ir.al di.'ca.'C.'s may aisro cau^c urinary retention, muscular si>asm and 
the forniat'KMJ <»t‘ a .-ac. IJivcrticula may also he arsSociate<l with hernia, 
l-.r.yli^ch icp-usted leu >inj'le and mx hilaleval diverticula found in hernial 
s.jo. TheJc i> an ir.crcaslny; mnnher of ca>e> heinjj diaijnosed since 
tla: j<eri\ctii>n of *lia; 4 Uu,'tic metho«l>. In IWl Durrieux found 194 
c.i.'C'. iiJ ar. e.sleu'-ive review of the literature. Cholz«»tl in 1911 reported 
.'■ews'.ty ,•» of Congenital <iiverticulunj and lCn;.'lisch reported 250 
c-iM-v of -ti t’.e foimin;.; in di\ert:ajla. Jaro.''/. report.s nine cases. In 
two c.ots in v.’hkh «‘j!eratiou wa> performed, one for removal of the 
di-,c!ticuh;tn .nul ]ijo>tatectomy and the sectmd for removal of a stone 
f;i ju tla* diwtticuhnn, death etrsued. In a third case, in which the 
droftivulmn w.i> in a licrnal vac. op.eratiijn was performed success- 
fuily. !ji ti'.c K-mainin -4 carci surgical treatment was not instituted. 
In o);e si'.cre v.cu" mtdliplc diwrttcula. in amnher the diverticulum was 
c'l ji:p!:c.itcd hy c.ucir.ojjia. 

jK;'. .N'oij..- -‘ria 'e ca^ev were «jl»'er\cd during a period of tlfieen 
\e.uv. Uminj: tin: -.tme jA'rio<I ISl cases of proslalic hypertrophy, 
-four ill •.(•■ic.il 'loi'.c, si.NiV'one »)f vesical tumor and thirtv of 
< ;i;er sur gical d.ise.e-ev us the lihulder were ohserved. There was a 
'tn.dl nmnlcr <*: c.ot-s in which operation was performed and most of 
tla-M- (s.vui:‘.d fj<an ten to tiftcen %earv a< 4 o; the results tibiained were 
in ;,ccojd,ar.i e with the results for vjmilar openitions of that period, 
.'^ir.cc t):.a: titne tlsejc l’.a\e been remarkable advances in the diagnosis 
and MUgical apjui ach in ca'Cv of levkniv of the bhnlder. In the earlier 
ca-es in which operation was performeil the condition was often dis- 
co-.c;:c<l ;;cci<lenily. and li:e oj^rratiou was carrieil out without con- 
viilenitioii uf the complicating leviou and. at times, of the presence 
of marked infection. The tnortality w.'is high ami the operative results 
were only fair. Keceni methods of undogic iHagnusis, however, make 
it j/ow'dilc to recognize the disease, the associated lesion and the intec- 
lio-n, ajul to suggest the type of surgical procedure that will produce 
ilic jnost satisfactory results in a given case._ A review of the theories 
of tile fortnaiiun of <livertJculuin is given. 

W-vical diverticula are i)rohahly due. as Jarosz states, primarily to 
emhryologic defects in the hl.-nldcr, either a weakening of the muscula- 
ture, usually at the base of the hhulder, or a delinile hiatus in the wall 
«n the blatlder. T'argcit asserts that they are due to an interruption of 
the mm^cle fibers in the base of the bladfler by the entrance of the large 
vesical arteries in tin's region. The actual distention and dilatation of 
the sac probably result in most cases from obstruction to the outlet of 
the bladder. Diverticula arc often .seen in young children and occa- 
sionallv in the fetus. In a 5 months embryo, seen at the Mayo Clinic,- 
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UTO definite diverticula were found, one in the region of ureteral 
orifice. The one near the right orifice tvas composed of all the coats of 
the bladder and was 1 cm. in depth. Kell\' states : 

Diverucula of the bladder are Ti5t:ally formed from small preexisting pouches 
or hernias in the bladder -which become enlarged b 5 ' pressure and later come into 
prominence through stagnation of urine and inflamma tion 

According to Hinman, diverticula result from anatomic, pathologic 
and mechanical factors, and in this sense the condition is acquired. 
He states : 

A mild chronic urinary obstruction in association -with the necessary anatomic 
or pathologic predisposing condition of the bladder t^-all is particularlj’- conducive 
for the development of diverticula. 

The mortalit}*, both without and with operation, up to recent years 
has been high. Englisch, in 1894, found that in 83.1 per cent of the 
reported cases of vesical diverticula the patients had died as a result 
of the abnormalin*. At rhi-; time few operations were performed on 
the bladder, and in most cases the diverticula were probably seen 
only in the late stages. In 1910 Fischer collected records of forty- 
eight cases in which, with and without operation, thirtj^-two patients 
(66.7 per cent) died. Of twenty-eight patients subjected to operation, 
eight (40 per cent) died. In 1922, Kneise and Schulze compiled records 
of thirty-five cases from the German literature and added eighteen of 
their o-vim, in which radical operations had been performed. Four 
patients (7.7 per cent of fifty-two) died following operation,] 

Bladder Tumors. — MacKenzie^ reports 288 cases of vesical neo- 
plasms from the Ro}*al Victoria Hospital. Table 2 gives the method of 
treatment and the results obtained. 

MacKenzie liberates the bladder by extraperitoneal resection which 
oermits dratvinor the bladder forward and out of the abdomen. The 
peritoneal fold is carefully separated through a suprapubic incision in 
the median line, the urachus is liberated, clamped, cut, and the upper 
stump ligated. Traction is then applied to the lower stump to facilitate 
the separation of the peritoneum from the posterior -wall of the bladder. 
If the case is one of benign papilloma, complete destruction with cautery 
well into the tvall of the bladder is sufincient, the cauterization extending 
through the v.-all of the bladder. If the condition is malignant the 
underlying wall of the bladder is -widely excised. If the ureteral orifice 
is involved the ureter is transplanted. WTien radium -was used emana- 
tion seeds were employed and inserted through a hollow needle, WTien 
deep roentgenologic treatments were given, the\' consisted of a series 

41. ilackKenzie, D. "W.; Bladder Neo-olasms, Surff. Gvnec. Obst. 41 : 773-778 
(Dec.) 1925- 
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Table 2. — Treatment and Results in Two Hundred and Eighty-Eight Cases 
of Vesical Neoplasm {MacKensie) 


Cases Total 

Papilloma of bladder, malignant 39 

Repeated fulguration: 

Cured 12 

Improved 7 19 

Cystotomy and cauterization: 

Cured 5 

Improved 1 6 

Excision : 

Cured 4 

Improved 2 6 

Treatment by cautery and radium : 

Cured 4 

Improved 1 5 

No treatment 3 3 

Carcinoma 78 

Inoperable, no treatment 27 27 

Excision ; 

Cured 7 

Recurrence 6 

Died 1 14 

Excision and cauterization: 

Cured 2 

Improved 1 3 

Excision and treatment with radium: 

Cured 2 

Improved 2 4 

Treatment by cautery and radium : 

Cured 4 

Recurrence 1 

Died 1 6 

Excision and transplantation of ureter: 

Cured 1 1 

Excision and transplantation of ureter and treatment with 
radium: 

Died (this patient died from metastasis five months 

later) 1 1 

Cauterization and fulguration being only palliative efforts in 
advanced cases: 

Cured 1 

Recurrence 4 

Not improved 5 

Died 1 

Deep roentgen-ray, inoperable cases: 

Improved 2 

Not improved 3 

Died 1 6 

Suprapubic drainage for advanced inoperable conditions : 

Not improved 1 

Died 4 5 
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of four treatments of 200 kilovolts, 5 milliamperes, distance 40 cm. and 
exposure sixty minutes. The rays were filtered through 1 mm. of 
copper and 1 mm. of aluminum. One exposure was given over the 
symphysis, one over the sacrum, and one over the right and left sacro- 
iliac joints. This was repeated at the end of six weeks. 

Fullerton draws attention to the confusion that exists at' present 
in classifying epithelial tumors into benign and malignant groups and 
recommends Broders’ classification, which depends on the proportion 
of differentiated to nondifferentiated cells in the section. The differen- 
tiated cells resemble those of the epithelial lining of the normal bladder. 
The undifferentiated cells are the spherical and irregular cells, with 
prominent nucleoli. Four grades are recognized, the first being one- 
fourth undifferentiated, the second one-half, the third three-fourths, 
and the fourth entirely composed of undifferentiated cells. 

Fullerton further calls attention to the large proportion of late diag- 
noses that occur on account of the negligent way in which these patients 
are treated without investigation for years. Vesical symptoms, and 
especially hematuria in late adult life, are too serious to be trifled with 
and demand the most prompt and careful urologic investigation. 

All tumors of the bladder are more common in the male than in 
the female. In the author’s series of 103 cases 70 per cent were in 
males. Innocent tumors may become malignant. 

In his earlier experience Fullerton treated all simple papillomas by 
open operation. He has used transvaginal, transperitoneal and supra- 
pubic extraperitoneal methods of approach. The latter is the method 
of choice. In villous tumors, diathermy is useful and may be applied 
through the cystoscope. 

In carcinoma of the bladder, results are disappointing. To be of 
use, resection must be extensive. Radium and deep roentgen rays have 
not found an important place in treatment in his experience. 

Extrophy . — McCarthy and Klemperer report a case of malignant 
disease and exstrophy of the bladder. The growth, which was of 
the cauliflower type, covered the bladder and was treated by diathermy. 
No attention was paid to either ureteral orifice. The tumor recurred 
in six months and was again treated with diathermy. One year later 
there was a second recurrence and it was decided that total cystectomy 
was necessary. As a preliminary measure bilateral ureterostomy was 
thought necessary. The right ureter was dilated so that it carried a 
no. 30 French tube. Later it was found that the left kidney was prac- 

42. Fullerton, A.; The Treatment of Bladder Tumors, Irish J. M. Sc., pp. 
243-258. June, 1925. 

43. McCarthy, J. F., and Klemperer, Paul: Report of Interesting Case of 
Exstrophic Bladder with Neoplastic Implant, J. Urol. 14:419-427 (Oct.) 1925. 
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formed unless a protective surface is necessary, gives evidence of the 
extent of the irritation and trauma. The mucosa of these exstrophied 
bladders contains areas gradually shading off from fairly normal to 
definitely malignant tissue. It is of interest that the majority of tumors 
forming on exstrophied bladder are adenocarcinomas. This is in 
marked contrast to the types of tumors occurring in normally, situated 
bladders; adenocarcinoma makes up only about 2 per cent of such 
growths. There were five adenocarcinomas in 333 tumors of the 
bladder treated at the Mayo Clinic.] 

Urinary Retention . — Michon reviewed a series of thirty-four cases 
of urinary retention which occurred in 195 patients who had been 
operated on for lesions in the lower part of the abdomen. He stated 
that it is not desirable to carry out the usual repeated evacuation of the 
bladder by catheter. Many patients who are catheterized are later 
unable to void normally until they get out of bed, and it is rare to find 
at that time normal micturition and clear urine. Michon advises two 
methods of relief for retention. In six cases he gave the patient 
hexamine which was quite effective in preventing infection. In the 
remaining cases he injected a solution of boric glycerin into the bladder. 
Glycerin instillation is quite uncomfortable at times and necessitates 
catheterization but it usually produces good results and Michon con- 
siders it the most desirable method of treating retention. 

Voelcker'*® comments on the prominence given in recent literature 
to cicatricial and callous thickening of the neck of the bladder. Often 
the sound or bougie will show no obstruction to passage but a thickening 
of the sphincteric region will lead to difficulty in completely emptying 
the bladder. He feels that the real obstruction to the urine comes from 
a concomitant thickening of the vesical mucosa adjacent to the thick- 
ened sphincter. This protrudes to some extent through the urethral 
orifice and thus partially cuts off the urinary outlet. Incision of the 
sphincter by means of a sphincterotome or with the knife by suprapubic 
incision most frequently leads to cure but some cases require entire 
excision of the thickened sphincter. Incontinence has not been found 
to be a complication after such operations. One must assume that the 
layer of smooth muscle lying next higher comes into function as a 
sphincter in such cases. 

[Ed. Note. — ^The type of case mentioned corresponds to contracture 
of the vesical neck in its various phases. Our attention in this country 
has been brought to this condition largely through the extensive work 

44. Michon, L. : Le traitement de la retention d’urine postoperatoire, Presse 
mal. 33:1556-1558, 1925. 

45. Voelcker, F. : Die Sklerose des Blasenschliesmuskels, Ztschr. f. urol. Chir . 
17:103-104, 1925. 
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of Ovulk in this iielti. I he use of the cautery punch as a therapeutic 
measure is gaining' ground and in the majority of such cases seems to 
produce satisfactory results.] 

Extroversion . — Bryan reports a case of complete extroversion of 
the bladder in a girl, aged 2^ years. The child had enjoyed good 
health up to three daj's before it was seen by Bryan, when while 
voiding she screamed out with pain. At this time the mother noted a 
red swelling at the vulva. The family physician reduced this swelling 
under chloroform anesthesia and told the mother that it was probably 
the bladder. When seen in hospital the vulva was reddened, some of 
the veins eiJgorged and the urethra appeared to be dilated. The next 
day under anesthesia the bladder was washed, a cystoscopic examination 
made and a cysiogram taken. This showed a dilated right ureter which 
was lillefl with the cystogram medium. Subsequently the swelling reap- 
peared many times, always in the order of superior wall, followed by 
the fmidus, lloor and trigon. Two ureters could be seen on the trigon, 
a normal left and a dilated slitlike orifice of the right situated quite near 
the left. After a month of observation and e.xamination it was demon- 
strated that the bladder was large, thickened, hypertrophied and crisp 
from repealed hyperengorgements of forcible eversion; the large right 
pyoureter (associated most likely with an ureterocele) was seen; the 
right kidney was rudimentary or non functioning and its retention 
products with that of its ureter were found to be giving rise to severe 
iiyperpyrexia and prostration; the cojidition of the left kidney was 
satisfactory and its SO per cent phenolsulphonphthalein return was 
thought to justify stirgical attack on the right side. 

At operation a double kidney was found in the right side, with both 
ureters dilated. One ureter ended high on the posterior wall of the 
bladder and the other at the slitlike orifice near the left ureter. The 
child recovered satisfactorily and at later cystoscopic examinations a 
cone of ureter was found bulging down from the site of the ureter 
placed high on the posterior wall. This bulging ureter was the prob- 
able c.xciting cause of the extroversion. 

Fistula . — Tant reports the case of a {jatient, aged 26 years, who 
had had an appendectomy and a hysterectomy performed two years 
previously. Following the operation she rarely urinated normally, most 
of the urine draining through the vagina. An e.xamination five months 
after the operation revealed two vesicovaginal fistulas. Cystoscopic 
examination revealed the two small orifices of the fistida in the region 

46. Bryan, R. C. : Complete and Repeated Extroversion of the Bladder 
Through the Urethra, Associated with Double Right Kidney and Ureter, J. Urol. 
14:153-181 (Aug.) 1925. 

47. Tant: A propos du traitement de la fistule vesico-vaginale, Bruxelles med. 
S: 1410-1411, 1925 
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of the left ureteral orifice. The edges of the fistulous tracts were cur- 
retted through the vagina, the patient was placed on her abdomen and a 
permanent urethral catheter inserted. Ten days later, the catheter 
was removed and no further urine escaped through the fistulas. 

Schockaert reported a case of sigmoidovesical fistula which had 
been present for twenty-three years, having resulted from a subtotal 
hysterectomy. Gas and feces passed through the urethra continually 
and the patient had a severe cystitis and irritation of the external 
genitalia. The fistula extended deep into the pelvis close to the left 
ureter. Schockaert did not make a complete dissection of the fistula, 
as he feared injury to the ureter or a peritoneal infection from opening 
the sigmoid. A simple ligation of the fistula with silk effected a cure; 
three years later there had been no further trouble. 

Cystitis. — Cairns,^” in reviewing eighty cases of cystitis at the London 
Hospital, found that there were two main clinical types : one in which 
the disease tended to clear up quickly, either spontaneously or with 
simple treatment, and the other in which the disease became chronic. 
In almost all of the chronic cases the cystitis was maintained either by 
a persistent infection from the kidney or by the presence of residual 
urine in the bladder. In all the cases there was pus in the urine and 
the result of bacteriologic investigation showed that colon bacilli 
occurred with much greater frequency than any other organism. In 
35 or 40 per cent of the cases the clinical course indicated that the cystitis 
was secondary to infection of the kidney or renal pelvis ; it was impossi- 
ble to determine accurately the source of the infection in the other cases. 
Cystitis of the resolving type was associated with prostatitis in a few 
instances, but the relationship between these foci of infection was not 
clear. In some cases the infection undoubtedly came from the kidney, 
in others possibly from the prostate. There remained, however, many 
cases in which it was impossible to determine the source of the infec- 
tion. The chronicity of cystitis is due to a number of conditions. In 
rare instances it is due to a solitary ulcer of the bladder, a condition of 
unknown etiology. Usually it is due either to persistent infection from 
the kidney or to the presence of retained urine in the bladder. A per- 
sistent focus of infection in the renal pelvis may give no clinical signs. 
Evidence obtained by cystoscopy is frequently of great value in the 
detection of such foci. If the lesion of the renal pelvis is treated 
efficiently, the cystitis will clear up. Any variety of retention of urine 
may produce progressive cystitis. The successful treatment depends 
entirely on the establishment of complete drainage of the bladder either 

48. Schockaert, R. : Un cas de fistule sigmoide-vesicale postoperatoire, Brux- 
elles med. 6:104-105, 1925. 

49. Cairns, H. W. B. : Observations on the Etiology and Treatment of 
Cystitis, Brit. J. Surg. 13:78-92 (July) 1925. 
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Negro's case were; (1) the sex, this lesion being exceptional in women, 
because of anatomic reasons, and the impossibility of determining 
whether the lesion had its origin in the intestine or the bladder; 
(2) whereas feces passed through the urethra, apparently no urine 
came through the rectum; (3) the erroneous diagnosis, and (4) the 
useful aid of cystography. 

PROSTATE 

Prostatectomy. — Delore, Rougemont and Creyssel state that great 
benefit is derived from a combined method of the suprapubic and 
perineal routes in certain cases of prostatectomy, for example when the 
hypertrophy is excessive and the transvesical extraction requires a 
fragmentation of the gland or manipulation provoking great trauma or 
hemorrhage. The perineal stage will thus often be decided on in the 
course of the operation and only in rare instances will it be decided 
a priori to do the prostatectomy in two stages. This may be indicated 
if the gland has been inflamed for a long time or submitted to prolonged 
preliminary radium or roentgen-ray treatment. The authors report the 
procedures in a case as follows: (1) fruitless attempt of hypogastric 
enucleation; (2) the suprapubic route momentarily abandoned; the 
perineal region prepared, the perineum incised either medially or trans- 
versely and the perirectal space separated, and a small opening made in 
the urethra at the level of the prostatic end and the finger inserted in that 
opening; (3) by combined manipulation, of the abdominal and perineal 
fingers, extraction of the prostate through the abdominal incision, and 
(4) warm lavage and continuous through and through drainage, the 
drain being removed on the third day and replaced by a retention 
catheter. The perineal incision heals readily and the postoperative 
course is similar to that of a simple suprapubic operation. 

[Ed. Note. — It is only rarely that a perineal incision is necessary. 
If it is necessary to elevate the prostate from below it can readily be 
reached from its rectal surface.] 

Salvini reviews 180 cases in which suprapubic prostatectomy was 
performed by Professor Marion in the Service Civiale during a period of 
about three years. There were thirteen deaths, a mortality rate of 
7.2 per cent. There was one serious case of peritoneal infection, eight 
cases of marked hemorrhage, occurring within three days after operation, 

52. Delore, X.: De Rougemont, J., and Creyssel, J. : De I’utilite de la voie 
combinee hypogastrique et perineales dans certaines prostatectomies difficiles, J. 
d’urol. med. et chir. 19:398-401, 1925. 

53. Salvini, P.: Resultats immediats et eloignes de la prostatectomie sus- 
pubienne chez 180 malade's operes de 1921 au 30 Juin, 1924, J. d’urol. med. et 
cliir. 20:103-124, 1923. 
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two cases ot tearing of the nienibranous urethra with late formation of a 
urethral stricture and two cases of infected wound. There were two cases 
of epididymitis, either an exacerbation of a previously existing infection, 
or, as Marion thinks, a condition due to a failure to section the vas, a 
practice he performs in every case of prostatectomy in order to avoid 
epididymitis. In sixteen of the ISO cases the fistula had to be closed 
surgically ; ilarion states that fistulas that do not close in thirty-five days 
after operation should be resected, liberated from the edges of the 
bladder anti sutured in three layers. There were two cases of phlebitis. 
In two cases the passage of the catheter was difficult, and in two cases it 
was impossible on account of scarring of the vesical extremity of the 
urethra. In both cases ilarion had to reestablish the permeability by the 
use of a benique sound guided by one finger introduced into the prostatic 
cavity through the suprapubic wound. All the patients after removal of 
the permanent catheter were able to void. In fifty-seven cases further 
catheterization had to be done, in forty-two the bladder was emptied 
completely and in fifteen partially, with a residue of urine varying from 
20 to 225 cc. The urine began to clear usually from ten to twenty 
days after operation. Late results were obtainable in 148 cases; in 
eleven micturition was slightly painful, in none had the catheter been 
used, in 144 there was night frequency, in thirteen residual urine vary- 
ing from 30 to 90 cc., and in nineteen there was cloudy urine. In 
twenty-five sexual function had diminished ; all the patients were more 
than sixty-two years. Three patients developed urinary calculi ; two of 
these had had stones before operation. Four patients had incrusted 
cystitis ; a perfect cure was obtained by suprapubic curettage. The few 
patients wlio were incontinent after removal of the catheter recovered 
normal function following urethral dilatation. Salvini states that pros- 
tatectomy influences the bladder favorably but that it does not aid in the 
regression of any disease of the kidney. Dysuria disappears, but polyuria 
continues. Two patients died a few months after operation from inter- 
stitial nephritis. Only eight patients did not improve in general health ; 
they had had partial retention of long standing before operation. One 
patient who had had several attacks of epilepsy was cured after 
prostatectomy. One patient committed suicide; Marion has noted 
several cases of neurasthenia following prostatectomy. 

Michon reports on the benefits and the inconveniences of the two- 
stage prostatectomy. The first stage of the operation releases the vesical 
distention which destroys renal function, and also reduces the vesical 
infection and the later operative risk. Chronic retention frequently 
causes distention which also affects the kidney and produces a toxemic 

54. Aliclion, E. : De la prostatectomie en deux temps, Semaine d. hop. de 
Paris 2:47-50, 1925. 
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State with high urea retention. In order to reduce this primary distention 
■ one of two procedures may be followed, catheterization or suprapubic 
drainage. Catheterization must be repeated frequently and often causes 
a dangerous infection ; suprapubic drainage, done under local anesthesia 
with gradual emptying of the bladder, is less likely to cause infection! 
From several weeks to several months should elapse between the two 
stages. If infection or calculi are present suprapubic drainage is the 
only satisfactory procedure. The inconvenience of the two-stage opera- 
tion is primarily the greater difficulty in removing the prostate at the 
second stage as the plane of cleavage has partly disappeared, and if the 
drainage has been maintained for a long period of time the fistulous 
tract has become thickened and fibrous and it is necessary to resect the 
fistula in order to obtain a good closure of the bladder. With the two- 
stage operation the patient is incapacitated for a much longer period. 
Michon concludes that if the patients are young, have normal blood 
urea, and have no infection or only slight infection, the one-stage opera- 
tion is the more satisfactory. 

[Ed. Note. — Table 3 taken from the recent report of Liebig*® is 
interesting in regard to the mortality in one and two-stage suprapubic 
operations. 

Table 3. — Mortality in One and Two-Stage Suprapubic Operations, (Liebig) 


Suprapubic (one-stage) 

Number 

Deaths 

Per Cent 

1912 to 1916 

2,958 

248 

8.38 

1917 to 1922 

2,379 

189 

7.9 

Suprapubic (two-stage) 

5,337 

437 

8.1 

1912 to 1916 

276 

28 

102 

1917 to 1922 

507 

22 

4.3 


783 

SO 

6.3 


Unquestionably the two-stage operation reduces the operative risk, 
the hemorrhage usually occurring with prostatectomy is much less and 
the organism has had time to readjust itself to a new condition of 
drainage and exposure before the more serious procedure of removal of 
the gland is performed. One of the most important features of a 
preliminary drainage is that the patient develops at least partial immunity 
to his own type of colon bacillus infection ; after the second operation 
if a cysto-ureteropyelonephritis develops it is usually mild and the 
patient is, with his increased resistance, well able to stand the infection.] 

55. Liebig, Fritz: Die Prostatahypertrophie, Ztschr. f. Urol. 17:593-613; 
625-659, 1923. 
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Prostatitis.— Eelostozky ” reviews the literature on- the development 
of our knowledge of acute prostatitis and quotes the work of Segond, 
Desault and Petit, Lallemand, Dugas, Begin, Velpeau and others on the 
pathology of the condition. 

While the possibility of aseptic prostatic abscess is not to be denied, 
in by far the greater number of cases pathogenic organisms are the 
inciting cause. Of these the gonococcus takes first place. However, the 
other pyogenic organisms, such as the staphylococcus, streptococcus and 
colon bacillus, may by themselves or, more frequently, in association with 
the gonococcus, produce the condition. Staphylococcus and strepto- 
coccus prostatitis not associated with gonococcal infection are not 
infrequent; Belostozky cites a number of such instances. Segond 
found no disease in the posterior urethra in twelve of 115 cases, while 
Belostozky found the posterior urethra uninvolved in only five of 
seventy cases. Metastatic prostatic abscess occurs rarely. Of etiologic 
moment may be mentioned severe physical work, chilling, excessive 
sexual indulgences, irritation from riding and the like, but these are to 
be considered predisposing rather than direct causes. Not infrequently 
prostatic abscess may develop from forced urethral irrigation or instru- 
mentation. Three symptoms are constantly observed, prostatic enlarge- 
ment by rectal palpation, pain in the anal region and difficulty in urina- 
tion. In twenty-one of the seventy cases there was complete urinary 
obstruction so that the catheter had to be used. Eighteen of the seventy 
cases ran an afebrile course. There was no relation between the severity 
of the course of the disease and the size of the abscess. In forty of 
the cases the disease subsided by rupture of the abscess into the urethra 
or the rectum. Some authors hold that this is practically always the 
mode of spontaneous cure. The abscess ruptured into the urethra in 
twenty cases, into the rectum in ten, and into both in three. The prog- 
nosis, so far as life is concerned, is good. None of the author’s seventy 
patients died. Fistula formation is frequent. Two recto-urethral fistulas 
in the series healed spontaneously in a short time. The disease lasted 
an average of thirty days. 

Conservative treatment consists in hot applications, rest, milk injec- 
tion and vaccine. Gentle prostatic massage is undertaken after the 
abscess has begun to subside. Statistics show that the mortality when 
operation is performed runs higher than when conservative treatment is 
carried out. Belostozky operated on eight patients by drainage through 
a prerectal incision with good results. He feels that' operation should 
be reserved for cases of such persistence or severity as will not respond 

57. Belostozky, M. : 70 Falle akuter eitriger Prostatitis, Ztschr. f. uroI. Chir. 
17:53-60, 1925. 
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to conM-rvalivc nicthod.s. Juiiphasis is placed on the good results to 
he ohiainul ironi injections of milk* (nonspecific protein therapy). 

(Kn, XoiK.-'-lhe ein[ihasis of persistent application of conservative 
measures in acute prostatic ahscess rather than hurried operation corre- 
spi.mls to the usual ttrologic teaching in America. In certain cases non- 
specific pjoiein thcr.a))y gives brilliant results, hut this is not consistent. 
n(*\vever. if emnplete urinary retention is not relieved in a few days, if 
fever j>ersisls with recurrent chills, operation i.s indicated. Many sur- 
gct.'Us still hold to peritieal urethrotomy with breaking into the abscess 
through ll'.e prostatic urethra and .sub.>-c(|iuMtt perineal drainage of the 
janst.itic nrcthr.a and bladder with an indwelling catheter.] 

Lfgneu^- .'•tates that while performing prostatectomy for adenoma 
<>;;e »'i c.JM'<'n;dly encounters a suppurative infection of the prostate; the 
inftctid ''vct'.on tjsually is soft and spongy atid may contain pure 
staj>hy]< 'Cocci. *1 lie e.stent of the infection is, in a certain way, pro- 
portjon.il 1*1 tl'.c v*ilnme of the tumor. It is situated in the prostatic 
tissue as vcell as in the adenoma, hut its origin is alway.s in the tumor 
itself an*! as m oh as the latter is remove*! infection ceases. This condi- 
liiat jr.ay 1,*: stcotalary to a h-ealixed area *>i infection, especially in the 
sKin. ( atheteri.Mtioij tnay eau'e it. hut in most case.s the catheterization 
is nec* 'siiated hy reientiin *lne to ati nn.sns[)ecied infection. The 
jncser.ce of il-c .'ulenoina may cause the infection or it may develop dur- 
ing the ci'ur'e of a cystostotny. Ix-gtieii <livides the infected prostatic 
ad* u< mas fiom a clinical standpoint into three groups. The most com- 
mtiu t\je is a simple j(r«»slali** .suppuration; when this is the case the 
ah'cess mu't be oj eiie*! through the perineum or an immediate prostatec- 
U'lny jnay be j.erbirnu-l. but this is undesirable. Legueu drains the 
abscess tbri'iigh the j-erijicjjm, vaccinating the patient against his infec- 
ti* n anil tlien performing s*c*in*lary jtrostatectoniy. A second type of 
ca^e is ch.inicieri/e<l by fever witlmut suppunition. This type includes 
ibe I'aiients with acute rcienii*ui acc*itni>;mied hy a fever which is usually 
altrilmte*! to catheter ijJtecii«»n but is really due to an infected adenoma. 

Ijj the same gnaip are patients who have bad cystostomy performed 
:m«l «!evel*.p fever seYcr:d weeks <»r mtmtbs after operation. Cystostomy 
is ufit always the cause *if the fever in these cases; there may have been 
an infccie*! adenoma present bef*»rc operatkm, and in such case it is 
better to w.ait an<l *iperate when all .syniploni.s of infection have subsided, 
although sometimes surgical intervention is necc.s.sary on account of a 
per.sisteiit fever, in wliich case the rcjnov.al of infected adenomas may 
lirijig about a c*»nipleie cure. Legneu has reported cases in which this 
infection ha<l invaded the jielvi.s and caused pericystitis. In the third 

5H, bcjiiiru: I.i'S iiifeciiuiis <1 l- I'lidt-noaie prosUitique, Le Monde medical, 1025, 
pp. 297-30.^. 
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type a partial or total induration of the prostate may be found. On 
account of the hardness of the prostate the condition is thought to be 
malignant, but there is less induration in the region of the seminal vesicles 
than occurs with cancer, and eosinophilia may be present. In these cases 
a two-stage prostatectomy should be done which permits the prostate 
to regress after cystostomy and at the same time affords an opportunity 
to improve the patient’s general health before the gland is removed. 

Blanc states that patients with enlarged prostates and infected urine 
should be divided into two groups, those who have been catheterized and 
those who have not. If the patient has not been catheterized and the 
enlargement of the prostate is of recent origin, the urine should be clear; 
if it is not, some other part of the urinary tract is affected. If the 
enlargement is old and there is some residual urine, although the colon 
bacillus frequently provokes chronic cystitis, the pyuria should be con- 
sidered as evidence of some other lesion. If the patient has been 
catheterized the chances are, especially if he has been f requently catheter- 
ized, that he has an infected prostate, but if the catheter has only been 
occasionally passed and the urine is very purulent, vesical or renal lesions 
must be thought of. Blanc reports nine cases of prostatic infection 
with pyuria, in which there were also renal and vesical calculi, large 
ureters, diverticula and renal and prostatic tuberculosis. 

TESTIS 

Tumors. — Bell®® studied fifty specimens of tumors of the testis.- 
These represent most of the various types of testicular tumors com-, 
monly described but thus far there has been little unanimity of opinion 
as to their proper classification and origin. In Bell’s series most of the 
tumors fell into two main groups, the teratoid and the germinal cell. The 
latter group has been variously designated germinal cell carcinoma, 
seminoma, spermatocytoma, embryonal carcinoma and round cell 
sarcoma. The teratoid group predominated to a marked degree. In 
this group perhaps the most popular of the various designations has 
been fibrocystic disease, a term justified by the naked eye and lower 
magnification appearance of cysts supported by a matrix of fibrous tissue. 
Various other terms, such as chondroma, chondrosarcoma, chondro- 
adenoma, osteoma, adenoma, squamous cell and columnar cell carcinoma, 
are referable to the most obvious histologic features, occasionally dis- 
played, which have dominated the mind of the pathologist. These 
older terms serve as an indication of the remarkable structural -varia- 

59. Blanc, H. : La pyurie chez les prostatiques, J. d’urol. med. et chir. 19: 
506-512, 1925. 

60. Bell, F. G.: Tumours of the Testicle: The Teratoid Group, Brit. J. Surg. 
13:738 (July) 1925. 
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presented hy these tiiutfirs, which arc now regarded as variations 
ir<'in a euintnun teratoid hasis. These ttiinors vary greatly in size, 
sliaj.e atid consistency. 'J'he internal .structure is best demonstrated by 
s.'igittal section, which Iirings out the relation of the tinnor to the body 
of the testis an<l to the e|ji<lMynii.s. and may, in early .specimens, clearly 
dennmstraie it.s freuncni origin from the mediastinum testis. In the 
tarly st.jges the bo<ly of tlie testi.s is n.‘«nally visible to the naked eye at 
s< me part of the periphery of the tumor, commonly at the summit, and 
may he fairly norm.a! in shaja; and size, wltile in large tumors it under- 
es jjrogressive cnmjjre.ssion till it is reduced to a narrow straplike 


M.e 


pcrij'heral layer otily detectable umler the microsci^pe. 'I'he presence of 
a ).erij)b,eral hand <»f testicular tissue separated from the substance of 
ti:e tumor by a condenser! jibrou.s layer or capsule is highly characteristic 
of teratmna, hut not pathognomonic. Many specimens are cystic, and 
M.nte are cartilaginous. Teratonui of the testis displays histologic char- 
•acter.s rtf a highly variable crjinple.xity. ami the individual representation 
rtf the bla'-tr ■dermic layers varies greatly in different .specimens. After 
e.Naniining a consirlcrable numher of the.se timiors it is pos.sible to reduce 
thon to a group type. hrief tlc.scription is as follows: 

Mesrjhla'^tic Derivative; The jireseuce of cartilage in the form of 
it.iir.'i or oval ja.thilv* or crescentic plate.s is characteristic. A fibro- 
cellular my.'(t,n!attn).s matri.s', sometimes .sarcomatous, is almost equally 
ch:ir.iCicristic atid always suggests that :my tumor under consideration is 
teraioM in cl’.aracter. 


ilyprjhlastic IJcrivative.s: 'i’he.'-e take the form of tubules or spaces 
liner] by cubical or columnar cells, <»tien suggesting the glandular struc- 
tures in arlnits, e.specially intestinal mucu.sa. 

lvpib!a.siic Derivatives; 'J'hesc take the form of spaces lined by 
siratiherl .srpianious ci>iilieliuin, an<l cell nest formation is often a striking 
feature. 

Metastasis ntay take place* by the* lymphatics, the blood, or both, 
rle*j)en«ling on the pretlominance or admixture of carcinomatous or 
sarcomatous elements. It is also possible that transplantation of frag- 
ments (»t tumor may take place from comparatively innocent tumors, 
such as the cbondrom;itous teratoma, by* direct invasion of venous 
channels. Paget’s enchondroma is often regarded as an e.\'ample of this, 
atid the* .secondary tumors in the lung, as produced by transplantation 
after erosion of the .spermatic vein. 

Ilinman, Gibson and Kutzmann“‘ report in detail twenty-two cases 
of malignant tumor of the testis. Ten were diagnosed teratomas or 
mixed tumors aiifl twelve as seminomas or single cell tumors. Sarcoma 


61. Hiiimnn, Frank ; Gibson, T. E., and Kutzmann, A. A. : Malignant Tumors 
of tlic Testide*: a Pathological Study, Ann. Surg, 82:552-575 (Oct.) 1925. 
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of the testis is rare ; there were none in this series. All the tumors were 
malignant. Hinman asserts that practically all tumors of the testis are ’ 
teratomatous in origin, and that practically all exhibit some type of 
carcinomatous degeneration of which the so-called seminoma is but a 
modification. Clinically it is now fairly well established that the semi- 
noma is relatively susceptible to radiotherapy, whereas other types of 
teratoma are less favorably influenced. 

Triorchidism. — Holder stated that proved cases of triorchidism 
are rare. He reports the case of one in a man, aged 45, whose chief 
complaint was pain in the left inguinal region. Physical examination 
led to a provisional diagnosis of cellulitis of the affected tissues, or 
adenitis of the inguinal lymph nodes. After twenty-four hours’ observa- 
tion the area was incised and pus evacuated. On the eighteenth day, 
the patient having grown worse, the “infected glands” were removed. 
Examination of the tissue removed showed differentiated testicular 
tissue, vas deferens and epididymus. As there were two normally placed 
testes in the scrotum. Holder seems to be justified in assuming this 
to be a case of triorchidism. It is probably the second case to be 
reported of a third functioning testis. 

URETHRA 

Tuberculosis. — Minet in 1910 could find only seven cases of tuber- 
culosis of the urethra reported in the literature. Boeckel and Oberling 
reported a case of a man, aged 35, who was sent to them to be treated 
for urethritis. He had had pulmonary tuberculosis. The lesion of the 
urethra had been noted four months before, starting with a sudden 
urethral discharge followed two weeks later by swelling, without appar- 
ent sign of inflammation, in the right perineal regpon. Gonococci were 
found in the urethral discharge. Potassium permanganate solution 
was injected but without success. The swelling increased, forming a 
mass measuring about 7 by 7 cm. below the prostate; it was adherent 
to the deeper tissues. Cystoscopic examination of the prostate and 
bladder was negative. The mass was excised; it contained bacilli of 
tuberculosis. Some of the urethral discharge injected into a guinea-pig. 
produced tuberculous lesions. A few weeks later, definite tuberculous 
granulations appeared in the urethra. The patient died subsequently of 
pulmonary tuberculosis. Postmortem examination revealed the presence 
of nodular fibrous tubercles of the urethra, there were also a peri- 
urethral abscess and a prostatic abscess that was completely isolated 

62. Holder, H. G. : A Probable Case of Triorchidistn, J. Urol. 13:555-564 
(May) 1925. 

63. Boeckel, Andre; and Oberling, C.: Un cas de tuberculose de I’urethre, J. 
d’urol. med. et chir. 19:127-131, 1925. 
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from the urethra, a few tuberculous ulcerations in the bladder and, 
finally, a beginning caseous tuberculosis of the left kidney. These 
lesions evidently had their origin in the pulmonary tuberculosis. The 
renal and vesical lesions were recent, independent of the urethral and 
periurethral lesions. The prostatic abscess- probably also formed after- 
ward. These facts were established both clinically and pathologically. 
The periurethral mass removed at operation was an old lesion, which 
certainly preceded the symptoms of urethritis. There was a urethral 
stricture present, probably caused at first by the periurethral mass; it 
was relieved only partially by removal of the tumor. At necropsy it 
was found that there was also an area of tuberculous narrowing of the 
urethra, a fibrous lesion of the urethral wall itself which was covered 
with tuberculous nodules. 

Valvular Obstruction . — Hinman and Kutzmann®^ report six cases 
of congenital valvular obstruction of the posterior urethra and review 
fifty cases from the. literature. They find that such obstruction occurs 
mainly in early boyhood, most of the cases (62 per cent) occurring prior 
to the age of 10 years, and is serious because irremediable pressure 
changes may have already occurred or recognition of the obstruction be 
delayed during childhood beyond the period when intervention could 
cure the disease. It is probably more common than the few reported 
cases indicate, and this tardy recognition of a condition so often fatal 
warrants recording their six cases, with a full discussion of cases reported 
by others. The importance of a knowledge of the obstruction by the 
practitioner and pediatrician, on whom the first responsibility of diag- 
nosis rests, is apparent in view of the ease with which it can be recog- 
nized cystoscopically and the great benefit of early treatment. 

The condition has been recognized for more than a century but it 
is only recently that correct diagnoses have been made during life. The 
etiology is still a matter of conjecture. Occurrence of the obstruction 
in the stillborn and in young infants points strongly to an embryologic 
basis. The early symptoms are chiefly those of urinary obstruction and 
infection ; later, renal insufficiency occurs. A correct diagnosis is possible 
only after careful history taking and a thorough urologic investigation 
which may include cysto-urethroscopy, urography and a study of renal 
function. A clinical diagnosis was made in six cases reported by the 
authors. 

The treatment is not difficult and consists in the destruction of the 
valves by fulguration through the cystoscope or by radical surgical 
intervention suprapubically or perineally or by combining the two meth- 
ods of approach. 

64. Hinman, Frank; and Kutzmann, A. A.: Congenital Valvular Obstruction 
of the Posterior Urethra, J. Urol. 14:71-112 (Aug.) 1925. 
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The early incidence of the condition, its insidious nature, gradually 
causing, as it does, serious renal damage that may soon become irremedi- 
able and result fatally; its recognition by proper methods of examination 
and the fact that if recognized early it can be easily cured emphasize 
the extreme clinical importance'of congenital valvular obstructions of the 
posterior urethra. 

Huddy classifies urethral pouches as congenital or acquired. The 
acquired type may be caused by dilatation or perforation of the urethra 
from stricture, calculus, injury or infection. The ppuches vary greatly 
in size but those giving rise to symptoms are usually about 3.5 cm. in 
diameter. Sisk is quoted as saying that only eighty cases have been 
reported in the literature; this, however, probably exaggerates their 
rarity. Many hypotheses have been advanced to explain the origin of 
the congenital pouch. As the cavity is found on the ventral aspect of 
the urethra, two explanations are imperfect fusion of the two genital 
folds and the fact that one of the cystic epithelial ducts may retain its 
urethral communication and become dilated. Some of the pouches, how- 
ever, may arise from the mtillerian ducts, but these are probably very 
rare. Clinically, urethral pouches are of two types. In the first type 
the patient presents himself with rather vague and indefinite symptoms, 
and a diagnosis can be made only by means of the urethroscope. In the 
second type swelling at some point along the urethra is found. 

URINARY INFECTION 

Shaw and Hill®® report an epidemic of thirty-six cases of wound 
infection, observed in the urologic wards of the Johns Hopkins Hospital. 
The infection occurred only in wounds that were the site of urinary 
drainage. In thirty-four cases it followed perineal prostatectomy and 
in two cases occurred in suprapubic wounds. The appearance of the 
lesions clinically and the course of the infection were characteristic. 
The essential features were : pain in the incision, a rolled-up appearance 
of the skin margin, and the formation of a dirty gray membrane that 
would subsequently become black and slough. Invariably the wounds 
gave off a strong ammoniacal odor. In untreated cases the membrane 
often reformed and the process repeated itself. There was little or no 
constitutional reaction. The temperature usually remained normal and 
the leukocyte count rarely exceeded 10,000. The wounds were painful 
and frequently opiates were necessary. The etiolo^c organism was a 
gram-positive bacillus with some cultural characteristics similar to the 

65. Huddy, G. P. B. : Urethral Pouches, Brit. J. Surg. 13:50-57 (July) 1925. 

66. Shaw, E. C, and Hill, J. H.: Report of a New Pathogenic Organism 
(Corynebacterium Thompsoni) with Description of ah Epidemic of Infection o 
Urinary Fistula, J. Urol. 13:689-713 (June) 1925. 
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diphtheria bacillus, but differing from it in certain morphologic features 
and in pathogenicity. The authors have proposed the name of Coryne- 
bacteriiim tliompsoni for this species. The organism was seen in direct 
smears from the lesions and obtained by culture in every case that showed 
the infection clinically. On making cultures from the hands of all those 
coming in contact with the patient, it was found that the infection was 
propagated by the orderlies. The usual antiseptics were useless in com- 
bating the infection. Most of the cases cleared up promptly under local 
application of 5 per cent acetic acid, and by spraying the wounds of the 
patients with 1 per cent acetic acid solution infection was prevented. The 
etiologic organism was studied in reference to its pathogenicity for 
rabbits and guinea-pigs. It was found impossible to infect the normal 
urethral mucous membrane of rabbits by injections of cultures or to 
infect surface wounds that were not draining urine. After producing a 
suprapubic urinary fistula, however, inoculation was invariably success- 
ful, being followed by the appearance of the same type of lesion that 
occurred in man. The organism was recovered by culture in every case. 
These lesions did not occur in uninoculated urinary fistulas or in those 
inoculated with proteus. 

[Ed. Note. — ^Two cases have occurred in the urologic wards of 
St. Michael’s Hospital, Toronto, within the last year, which appeared 
and behaved clinically like those described by Shaw and Hill. The first 
case was that in which a two stage suprapubic prostatectomy had been 
performed and this type of infection occurred after the primary drain- 
age. After a prolonged course it cleared up only to recur after the 
prostatectomy was performed. The patient recovered after a stormy 
convalescence but has a hernia. The second infection occurred after 
primary suprapubic prostatectomy; unfortunately the causative organ- 
ism was not isolated, but otherwise the case resembled in every respect 
those described by Shaw and Hill. Recovery was spontaneous although 
protracted. The two patients were not in the hospital at the same time.] 

Henline, after a review of fifty cases of urinary infection treated 
with hexylresorcinol, asserted that careful urologic examination should 
be made of all such infections before treatment is instituted. Such 
examinations should include cultures, tests of renal function and 
roentgenograms. Hexylresorcinol is a superior urinary antiseptic, as it 
may be administered by mouth and is nonirritating to the urinary tract. 
It is bactericidal for all organisms infecting the urinary tract. An 
average of sixty-three days for Bacillus coll, eighteen days for Staphylo- 
coccus aureus, ninety-four days for Bacillus proteus, ninety-one days for 
Bacillus lactis-aerogenes, and 133 days for mixed infections, was neces- 

67. Henline, R. B. : Hexylresorcinol in the Treatment of Fifty Cases of 
Infections of the Urinary Tract, J. Urol. 14:119-133 (Aug.) 1925. 
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sary to sterilize the urine. Only one case recurred, and in this one treat- 
ment was discontinued too soon. Ninety-two per cent of the patients 
were cured. Of the three that were not cured, one did not return for 
treatment, one still had a growth of Bacillus fluorescens, and one had a 
tumor of the bladder as a complication. These three are cured clinically. 

Henline suggests that the drug may be useful in preventing recur- 
rence of stones, and in the healing of sinuses if there is streptococcal 
infection. 

Scott and Hill,®® after extensive investigation of the subject of pre- 
operative skin disinfectant in which comparative studies were made as 
to the value of several substances in general use and considered relatively 
satisfactory, conclude that an alcohol-acetone-aqueous solution of 
mercurochrome is most effective. This solution is made by dissolving 
2 Gm. of mercurochrome in 35 cc. of distilled water and then adding 
55 cc. of 95 per cent alcohol solution and 10 cc. of acetone. This solu- 
tion is found to be more efficient than tincture of iodine, potassium 
mercuric iodide or picric acid. It is particularly valuable in local anes- 
thesia because its application is entirely painless and does not cause 
local dermatitis. If penetrates as deeply as does picric acid and more 
deeply than iodine or potassium mercuric iodide. The solution is quite 
stable and retains its bactericidal power for at least forty-six days. ItS' 
color serves as a useful guide as to the thoroughness of the preparation. 
Its toxicity is low. 

68. Scott, W. W., and Hill, J. H.: Presentation of a Preoperative Skin Dis- 
infectant, an Alcohol- Acetone- Aqueous Solution of Mercurochrome, J. Urol. Ms 
135-152 (Aug.) 1925. 
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The old question of the influence of sympathetic nerve fibers on the 
so-called tonus of skeletal muscle has recently attracted renewed atten- 
tion, in view of a soitiewhat widespread agitation for surgical relief of 
spastic paralysis by "ramisection.” A great deal of experimental work 
has been directed to this problem, and a still larger amount of speculation 
has been expended on it. Yet the problem seems to be still in a decidedly 
unsettled state. 

So much of the previous work has been inconclusive and so conflicting 
has been the testimony that we have attempted to clarify the subject by 
emphasizing quantitative methods of experimentation, by searching 
carefully for all possible sources of experimental error, and by critically 
examining our results and the various arguments in the light of modem 
knowledge of nerve-muscle physiology. Perhaps the chief justification 
for adding to the already heavily burdened literature of the subject is 
the uncertainty in the minds of many surgeons as to whether or not the 
operation of ramisection is advisable for their patients. 

The literature of the subject has recently been admirably reviewed 
by Cobb." The salient points may here be summarized. The basis of the 
argument for this operation to relieve spastic paralysis seems to be. in 
the first place, the anatomic observation by Boeke = apparently showing 
that skeletal muscle fibers are innervated by sympathetic as well as by 
cerebrospinal nerve fibers. This obsen^ation naturally led to a search 

* From the Laboratories of Physiology, Han'ard Medical School. 

1. Cobb, S.: Physiol. Rev. 5:518 (Oct.) 1923. 

2. Boeke, J.: Internat Monatschr. f. Anat. u. Physiol. 28:377, 1911. Boeke, 
J., and Dusser de Barenne, J. G.; Proc. Sect. Sc. Wet. Amsterdam -1.1227^ 

1919. 
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for the functional significance of the sympathetic fibers, and, on cutting 
these in frogs, De Boer ® found a loss of "‘tone.” On the strength of 
these observations Langelaan^ built a theory that "contractile tonus” 
(by which the limb assumes a posture) depends on the cerebrospinal 
nerve fibers, and "plastic tonus” (by which the limb maintains a posture 
already assumed) depends on the sympathetic fibers. He performed 
experiments purporting to differentiate between plasticity and contrac- 
tility as muscular functions. In support of his views he cited Sherring- 
ton’s observation® on "plastic tonus,” i. e., the "lengthening” and 
"shortening” reactions whereby in the decerebrate mammal the limb, 
when passively extended or flexed, tends to remain in the posture 
imposed. More recently Hunter,® assuming Langelaan’s theory to be 
valid, performed experiments in which he claimed to have shown that 
cutting the sympathetic fibers destroys the plastic element in tonus, leav- 
ing the contractile element unimpaired. On the strength of these obser- 
vations Royle ^ undertook to introduce the operation of ramisection with 
the idea that, by removing the plastic element in tonus, relief of the 
condition of spastic paralysis would be effected. Coombs and Tulgan ® 
and also Kunta and Kerper ® have recently reported a few observations 
on cats tending to support Hunter’s view. , 

Both Cobb and Dusser de Barenne,^^ seeking to test the question 
by critical experiment, were unable to find any influence of sympathetic 
nerves on tonus in skeletal muscles, decerebrate or otherwise. Several 
other investigators, notably Kanavel, Pollock and Davis,^® have likewise 
failed to substantiate De Boer’s results. Since the completion of our 
experiments, a report has appeared of a similar series on dogs by Meek 
and Crawford,^® corroborating the work of Cobb in showing the 
absence of any demonstrable influence of sympathetic nerves on. tonus 
in the limb muscles. Therefore, the bulk of experimental evidence 

3. De Boer, S. : Ztschr. f. Biol. 65:239, 1915. 

4. Langelaan, J. W. : Brain 38:235, 1915. 

5. Sherrington, C. S.: Quart. J. Exper. Physiol. 2:109, 1909. 

6. Hunter, J. I.: Surg. Gynec. Obst. 39:721 (Dec.) 1924; Am. J. M. Sc. 
170:469 (Oct.) 1925. 

7. Royle, N. D. : Surg. Gynec. Obst. 39:701 (Dec.) 1924. 

8. Coombs, H. C., and Tulgan, J.: Anr-J. Physiol. 74:314 (Oct.) 1925. 

9. Kuntz, A., and Kerper, A. H.: Proc. Soc. Exper. Biol. & Med. 23.77, 
1925. 

10. Cobb, S.: Am. J. Physiol. 46:478 (July) 1918. 

11. Dusser de Barenne, J. G. : Folia neuro-biol. 7:651, 1913. 

12. Kanavel, A. B.; Pollock, L. J., and Davis, L. E.: .Experimental and Clin- 
ical Experiences with Sympathectomy in Spastic Paralysis, J. A. M. 

(Nov. 15) 1924. , « ^ 1023 

13. Meek, W. J., and Crawford, A. S.: Am.' J. Physiol. 74:285 (Oct.) 
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hccms to l)c ai^ainst tlic view that sympathetic nerve fibers contribute 
<lircctly to tomis in skeletal muscle. 

Hunter “ made answer to the negative findings of Cobb and Dusser 
de Darenne by emj)hasizing the <lisiinclion made by Langelaan between 
}da>iic and coJitractile tonus. He assigned to the coarser muscle fibers, 
innervated by cevebrosj)inal nerve fibers, the function of contraction; 
and to the nmre slentler fil)ers, itmervated, according to Kulchitsky,^® 
by .sympathetic nerve libers, a function similar to that of the molluscan 
“catch" inn.^cie; viz., the ability to nuiintain posture already imposed 
either (*:i,-.sively or liy contraction of the coarser fibers (comparison 
.shtmld be Jitade with observations of Xeedbam*"). He ascribed the 
negatiw re.’'nhs «»t other workers to the failure to recognize the presence 
or ab.-'cnce of ‘'Thtstic" tonus, for be contended that this and only this 
eletnetit ir< aboli.-'bed by cutting the .sympathetic fibers. Decerebrate 
rigiiliiy, he said, will .^till he j)rescnt, tor it depends, in part, on the 
contractile function. ‘Hie e,\jieriment must be especially designed to 
."how the pre."ence of the pla.stic element in tonus; lengthening and 
shortetting reaction.s ami the ability to maintain posture against the force 
of gravity ."Ijould be especially noted as evidence to show whether or 
tjol the pla."tic funetioti has been di."turhed. 

Cobb ha." shown itt his review ’ that Langclaan’s theory is without 
real foundation, in that no crnc/al evidence has been brought forward 
to prove the existence of atiy two such elements in tonus as he assumes. 
It should be Jioticed tliat .Sherrington never maintained that plasticity 
was a .separate function from contractility in tonus. He merely called 
attention to the superficial similarity between the plastic decerebrate 
limb and the adductor appanttns of the mollusk, in the ability of the 
muscle in each case to maintain a given degree of shortening irrespective 
of the amount of tension. He also furnished evidence tending to show 
that this behavior was due to proprioceptive reflexes; i. e., reflexes 
initiated by afferent impidses arising within the muscle involved, Biit 
he made no a.ssuniption as to the type of motor-nerve fibers or of 
muscle libers involvetl, merely noting the striking degree of plasticity 
conferred on the limb by its proprioceptive reflexes. 

'I'wo considerations derived from our experience throw doubt on the 
existence of these alleged functionally distinct elements in tonus, the 
ijiastic and the contractile, and especially on the view that they are 
relegated to distinct neuromuscular mechanisms. 

1. In observing more than 200 decerebrate cats, in the course of a 
variety of researches on spinal reflexes, we have seen all grades of 


14. Hunter (footnote 6, second reference). 

15. Kulchitsky, N.: J. Anat. 58:152, 1924. 

16. Needham, D. AI.: Physiol. Rev. 6:1, 1926, 



306 


ARCHIVES OF SURGERY 


decerebrate rigidity from extreme extension strongly maintained, on the 
one hand, to complete fiaccidity, on the other. When rigidity is extreme 
it- is difficult to force passive flexion, and the tendency to return to full 
extension is so great that it is difficult to obtain the lengthening reaction. 
When the rigidity is weak there is not enough tonic activity to show 
the plastic effects to advantage. Therefore, these reactions of plastic 
tonus are best revealed in the intermediate state of moderate rigidity. 
We have seen nothing that suggests any other determining condition for 
plasticity than a moderate degree of decerebrate rigidity. The plastic 
reactions seem to be more simply explained, as suggested by Sherrington, 
through the operation of proprioceptive (myotatic) reflexes, the end 
organ being the contractile muscle innervated by cerebrospinal nerve 
fibers, than by invoking a special plastic mechanism in the muscle. 
Indeed, since decerebrate rigidity is marked by action currents indis- 
tinguishable in form and rhythm from those in other sustained contrac- 
tions, we see no reason to suppose that tonus in skeletal muscle involves 
any function fundamentally different from any other contraction. 

2. It is difficult to reconcile the alleged plastic function of the 
sympathetic nerves with the known facts of nerve-muscle physiology. 
Before nerve physiology had reached its present state it was customary 
to think of the nerve trunk as if it were a wire carrying an electric 
current, or a pipe conducting a stream of fluid, and to treat stimulation 
as if it set up a steady stream of energy which could be graded in 
amount or intensity without limitation. We now know that the stream of 
nervous energy, however initiated, consists in individual nerve impulses, 
each impulse in a single nerve fiber being a brief, transient event, of 
explosive character, in that it exhausts all the energy available at the 
moment, and therefore obeys the all-or-nothing law. Thus, instead of a 
steady stream of nervous energy, we have a sequence of separate 
impulses whose frequency is limited by the refractory period of the 
conducting fiber. Now Langelaan’s theory, on which Hunter and 
Royle base their work, holds that plastic tonus is controlled by the 
sympathetic nerve fibers, which implies that motor impulses in these 
fibers initiate this function in the muscle fibers. Indeed, we know of 
no influence conveyed by nerves, other than nerve impulses, which could 
evoke any sort of functional response in muscle. All experimental 
evidence points to the view that the functional response in a given 
excitable tissue, nerve or muscle, is of one kind; i. e., no qualitative 
differences are possible in the nerve impulse, nor in the corresponding 
response of a given muscle fiber. The quantitative differences in the 
activity of a given tissue depend solely on the number of functiona 


17. Lucas, K. : The Conduction of the Nervous Impulse, London, 1917. 
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units (fihtn's) excited and on tlic number of individual responses 
evoked in each li!)er in a given time, and, iii the case of muscle, on the 
load encountered. Furthermore, the properties of all skeletal muscles 
seem to he sucit tliat functional response always results in contractile 
eliort. The <juickness and strength of contraction may differ enormously 
in tlifferent tyjjcs of muscle, hut all are alike in their tendency to contract 
on excitatijm, and excitation of .skeletal muscle by the nerve impulse 
evokes the same type of response as direct artificial excitation. There- 
fore, all the evidence now known fails to show how sympathetic nerve 
fibers could convey mes.sages to skeletal muscle libers, telling them to 
hold their length unchanged, without releasing contractile energy in 
them. 

It is true that the molluscan adductor muscle, which has served in the 
literature as the pnjtotype of pbstic tonus, presents a beliavior appar- 
ently as iiitViculi to explain in terms of imlividual functional response as 
the allcgetl pla.sticity in mammalian skeletal muscles. The “catch” muscle 
lias not lieen found to jilay a measurable part in effecting motion, yet it 
has enormous power to maintain posture against great tension. And 
the exercise of this function i.s depeiulent on the innervation of that 
muscle, 'fhe phenomenon is battling, yet conceivably experimentation, 
.'Jiifliciently refmetl, would reveal even in the “catch” muscle a release of 
contractile energy in re.sj)onse to each volley of impulses set up in the 
appropriate motor nerve. The difference between the “catch” muscle 
and the coiumctile muscle might be found to lie in a far more sluggish 
and far les.s fatigahle response in the former than in the latter, and 
yet the finulamental nature of the resixinse might be the same in 
both. .Similarly, we miglit fin<l that the slender muscle fibers inner- 
vated by sympatlietic nerve fillers in mammalian skeletal muscles, respond 
to e.xcitation by nerve impukses with measurable contractile effort, but 
differ from the coarser lihens in the sluggishness of their contraction. 
If this were the case, and if the slender fibers participated in the general 
propriocejitivc reflcxc.s which Sherrington has demonstrated in the 
<lecerelirate mammal, tlicn they would contribute relatively more than the 
coarse fibers to the plastic or postural property of these reflexes, for the 
greater duration of each contractile response would serve for adaptation 
to the sustained effort of maintaining posture. But experiments in 
whicli tlie sympathetic nerves arc stimulated should reveal a contractile 
effort, if this were of sufficient magnitude to play an important role in the 


18. It is concciv.ibIe that some special structure, e, g., the neurofibrils, con- 
stitute a conducting path, distinct from the rest of the nerve fiber, and that this 
evokes a response) in a corresponding distinct mechanism, e. g., the sarcoplasm, in 
the muscle; no evidence exists in support of this view, and it is at best pure 
speculation. Cobb (footnote 1, p. 528). 

19. Bayliss, W. M.: Principles of General Physiology, London, 1924, p. 536. 
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mechanical activity of the muscle; yet all such experiments have failed 
to show any measurable contraction.^*® The slender fibers differ less, 
histologically, from the coarse fibers in mammalian muscle than do the 
fibers of the “catch” muscle from those of the contractile muscle in the 
molluslc; therefore, though in the mollttslc we might expect to find so 
sluggish a contraction in the “catch” muscle that it would be difficult to 
record, we should hardly expect this difficulty to be insuperable in the 
case of the slender fibers of the mammalian muscle. 

In spite of these objections to the theory that the sympathetic nerves 
control a plastic element in the tonus of skeletal muscles, and in spite of 
the preponderance of experimental evidence against the existence of 
any direct influence of these nerves on skeletal muscle, the fact that 
Hunter and Royle appear to have shown such an effect in certain 
animals renders it fitting that a careful examination should be made 
with reliable quantitative methods. For it may be that although 
decerebrate rigidity is almost as great after the sympathetic nerves have 
been cut as before, there is still a slight difference which careful experi- 
mentation would reveal. If so, it should be revealed consistently in a 
large series of animals. 

There is one important fallacy in the argument of Hunter and 
Royle which must be noted. They contend that plastic tonus is main- 
tained by sympathetic nerve fibers, yet they also say that the effect of 
sectioning these nerves becomes greater for days and even weeks after 
it is done. Now it has been shown, with a string galvanometer and an 
electron-tube amplifier connected with a skeletal muscle, that rapid 
section of the motor nerve evokes functional responses in the muscle for 
about a minute, after which the muscle becomes wholly inactive;®^ 
in other words, the freshly cut surface of the nerve continues to be a 
source of excitation and to initiate nerve impulses for this length of 
time and no more. The foregoing is probably the most sensitive known 
method of detecting functional responses in muscle. It is improbable 
that nonmedullated nerve fibers differ from medullated fibers pro- 
foundly in this respect, and it is safe to conclude that within a few 
minutes after section, all impulses have ceased to flow to the denervated 
muscle. Therefore, whatever change in behavior results from stopping 
the stream of nerve impulses to these muscle fibers, it should be fully 
established a few minutes after the operation. Further changes, requir- 
ing days or weeks to develop, cannot be due to the simple cessation of 
motor-nerve impulses. If these changes develop they must be due to 
some secondary cause, such as a shift in circulation or a modification m 
the physical state of the fibers from disuse. In looking for effects of 

20. Cobb (footnote 10). Wastl, H. : J. Physiol. 60:109 (July) 1925. 

21. Forbes, A., and Cattell, M. : Am. J. Ph}'siol. 70:140 (Sept.) 1924. 
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removal of the sympathetic nerve supply, we should therefore seek in 
the immediate result of the operation evidence as to the direct dependence 
of mechanical effects on sympathetic nerve impulses; and we should 
also follow the delayed effects of the operation in an effort to see whether 
indirect or secondary changes could be found corresponding to those 
described by Hunter and Royle. 

These authors maintained that the effects they described appeared 
better in the goat than in the cat. Their conclusions were based on the 
most favorable six out of nine or ten experiments on goats, and it 
seems to us that a much larger series of animals is required to justify 
conclusions. Aside from the fact that it was not feasible to obtain and 
handle goats in large enough numbers for an adequate series, we felt 
that, if there were indeed a physiologic phenomenon of significance for 
mammals in general and therefore having a bearing on human surgery, it 
should be possible to demonstrate it in the cat. Furthermore, extensive 
experience with decerebrate cats over many years furnished a back- 
ground for comparison, which was lacking in the case of the goat. We 
have, therefore, used cats in our experiments. 

METHOD 

In twenty-five cats the sympathetic innervation of either a fore limb 
or a hind limb was surgically destroyed. Of the twenty-five animals, 
seventeen were successfully decerebrated and the subsequent condition 
of all four limbs was carefully examined. Since, for the reasons already 
given, the loss of any true functional response in a muscle should 
immediately be apparent, cutting the sympathetic nerves after decerebra- 
tion should serve to reveal the alleged function, if it really exists. We 
therefore performed three experiments in which the animal was decere- 
brated first. The degree of decerebrate rigidity was noted in all four 
limbs, then the sympathetic innervation of one of them was destroyed 
and the result of this destruction sought at once. But since the observa- 
tions of Hunter and Royle suggested the possibility of some delayed 
secondary effect of interrupting the sympathetic nerve supply, it seemed 
best to follow their procedure in the majority of our experiments ; that is, 
to do a preliminary aseptic operation in which the sympathetic inner- 
vation was destroyed and then, after a suitable interval, to decerebrate 
the animal and compare the limb in question with the others. Of the 
seventeen successful experiments, six dealt with the hind limb and 
eleven with the fore limb. The fore limb seemed preferable for the 
reason that the entire sympathetic nerve supply of one limb can be 
destroyed by the rapid operation of removing the stellate ganglion, an 
operation that has been employed in this laboratory in connection with 
other researches.=“ This operation requires only about fifteen minutes in 


22. Cannon, W. B. ; Lewis, J. T., and Britton, S. \V. : To be published. 
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the hands of a practiced operator and involves no possibility of dis- 
turbing the sympathetic supply of the opposite foreleg. The operation 
for interrupting the sympathetic innervation of the hind leg involves 
extirpation of the abdominal sympathetic chain for several segments and 
is a much more severe and difficult operation. It was done, however, 
in six cases in order that a certain number of our experiments should 
duplicate as nearly as possible the procedure of Hunter and Royle. 

Experiments of this sort are teeming with possible sources of error, 
and we therefore devoted particular attention to the appraisal and elimi- 
nation of these as far as possible. Experience with a great many 
decerebrate cats, has shown us that there are frequently differences in 
decerebrate rigidity between the two sides of an animal. One possible 
cause of this might be asymmetrical transection of the brain-stem in 
decerebrating. With this in mind, we took pains to make the transection 
as symmetrical as possible. 

The influence of the position of the animal as a whole, and in par- 
ticular of the neck muscles, has been shown by Magnus and De Kleijn 
to be great in determining the distribution of decerebrate tonus among 
the muscles of the various limbs. In previous researches, our experi- 
ence has sho\vn that when a decerebrate animal is left lying on one side, 
the limbs of the side on which it lies usually exhibit greater rigidity than 
the opposite limbs. This may be due to some such influence as Magnus 
has traced to the neck muscles, or it may conceivably result from unequal 
distribution of the blood supply in the brain-stem or spinal cord, due to 
the force of gravity. In our experiments, therefore, we took pains to 
maintain the animal in as perfectly symmetrical a position as possible 
from the time of decerebration throughout the experiment. This was 
usually done by placing the animal astride a holder which supported the 
trunk and allowed the limbs to hang down vertically on the two sides. 
In order to determine the amount of error that might result from a, 
slight lack of symmetry in position, and also any influence of neck 
posture, we made a point of rotating the head and neck in various planes 
— both to right and left — and noted the degree of rigidity in all four 
limbs with the head held in many different positions. 

Another possible source of error to be guarded against is that due 
to the effect of manipulation of the limbs under observation. The 
lengthening reaction, described by Sherrington, consists in the relaxation 
of tlie extensor muscles when the limb is passively flexed, and appears 
to result from a reflex inhibition due to proprioceptive impulses. In 
feeling the resistance of the limb to passive flexion one is apt to induce 
the lengthening reaction to a greater extent in the limb on which the 

23. Magnus, R., and De Kleijn, A.: Pfliiger’s Arch. f. d. ges. Physiol. 145: 
45S, 1912. 
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supply of the knee extensors also was involved in tliis operation. Great 
care was exercised to avoid injuring the opposite sympathetic chain. 

Decerebration was regularly performed under deep ether anesthesia, 
with the Sherrington guillotine.-^ The carotid arteries were first ligated^ 
and then, while an assistant compressed the vertebral arteries to restrain 
hemorrhage, a large chisel was driven through the cranium, guided by 
certain landmarks, in such a way that the transection of the brain-stem 
occurred at about the level of the anterior colliculi. Usually the first 
transection with the chisel was practically symmetrical and at approxi- 
mately the desired level, but to make sure of this point, the brain-stem 
was quickly examined and any slight lack of symmetry found \vas cor- 
rected with a sharp knife. The symmetry of transection usually was 
further verified at necropsy. Pressure was continued on the vertebral 
arteries until clotting stopped further hemorrhage. As soon as the 
transection was made, the animal was placed astride the holder already 
mentioned, in order to maintain a strictly symmetrical posture. 

Methods of Observation . — In animals sympathectomized before 
decerebration (constituting all but three of our series) the general 
condition was watched, and though no measurements were made, obser- 
vation would reveal any marked lack of symmetry of action. After 
decerebration, the rigidity was tested manually by placing one hand 
under each foot and lifting simultaneously.. As already mentioned, 
more decerebrate rigidity is sometimes found on one side than on the 
other in both fore and hind legs, irrespective of any sympathetic opera- 
tion. In any given experiment the sympathetic operation involved only 
one leg, leaving one pair unaffected for use as control. In order to 
avoid interpreting an inherent difference as evidence of an operative 
change, we not only compared the operated limb with its mate, but also 
made a similar comparison between the two limbs of the unaffected pair. 
For example, when the stellate ganglion was removed we not only tested 
the fore limbs but the hind limbs as well. 

f This crude manual method of comparison served very well to reveal 
any real and consistent differences in rigidity between the two sides ; but 
to render our observations as strictly quantitative as possible, we made 
use of spring balances. Two somewhat different ends were sought in 
these measurements : (o) to compare the rigidity in the two legs at the 
same moment, by a method which should reveal inequalities as surely and 
accurately as possible, and (&) to obtain an absolute measure (even if 
only approximate) whereby we could assign a value to the rigidity, 
making it comparable in a given limb from hour to hour and even in 

24. Sherrington, C. S., and Miller, F. R. : Quart. J. Exper. Physiol. 9.147, 
1915. 
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oirropoiulinif ot dificrcnt animals. The method which proved 
most >alistaci<)ry for the Jirst purpose was to tie spring balances by means 
of ihreatls Uv symmetrical points near the feet on the two limbs to be 
contparcd, ami to pull with both balances in a parallel direction such 
that the pull tended to Ilex both limbs. Sometimes we compared the 
restdiing llexioti on the two .shies, under equal tension, but we found 
it more satisiactory to pull with tension sulllicing to produce symmetry 
in the position of the two leg.s, i. c.. equal Ilexion, and then measure the 
re(jui>ito ten>i<jn ojj each side. The latter procedure was adopted as 
our st.andard mi;thod, and was repeated with two or three different 
degrees of ilexion in each comparison. 

'I'ln’s method wa.s the most .satisfactory for determining whether or 
n«it the rigidity was the .same f»r dilYeretit in a pair of limbs, and by 
>u])j/orting the animal above the table by trunk and hip, to enable the 
thread to pass the llank without friction, it could be applied fairly well 
even when the animal lay on tme side. But to provide a more absolute 
mea'.nre of rigidity the correlation of angle of fle.xion with tension was 
desirable. In onler to me.'isure mu.scle tension in the fore limbs in this 


way we placed the anitual astride the support, tied a string around the 
elbow on one side, led it rtmnd the rear end of the support and tied it 
to the ellxnv on the other side. This string was tied tight enough to 
prevent forwanl motion of the .shoulder joints. A string was then tied 
to each fore limb at the wrist, care being taken to apply them at e.xactly 
.symmetrical jjoints, and the hooks of the spring balances were inserted 
int(> loops at the ends of these strings. A steady pull with each spring 
balance at various tensions, periK-ndicular to the line of the radius, was 
maituained, and the resulting angles between this bone and the humerus 
on each side were measured. To facilitate this, we first measured the 
angle between the humerus and the horizontal string which passed 
around the kick of the support. Since the string held the humerus in 
a fixed position this angle served as a convenient constant. Thereafter, 
in the individual measurements, the angle between the radius and the 
horizfmtal string w'as recorded (fig. 1). This was done by holding the 
.straight edge of a celluloid protractor in line with the radius, and reading 
off the angle thus made with the horizontal string. It was much easier 
to make accurate measurements in this way than by attempting to 
measure the angle between the radius and the humerus directly. 

In observations on the hind limb the ankle was used as the test joint. 
Sutures of white thread were passed through the skin, marking the 
position of the femur from hip to knee and of the tibia from knee to 
ankle. The knee joint was so held by an assistant that these threads 
made a right angle, and the two feet were pulled by spring balances 
tied to them with threads. The bony prominences were used as land- 
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marks to insure symmetrical application, and the pull was exerted perpen- 
dicularly to the metatarsal bones. The angles which these made with the 
tibia were recorded by means of the celluloid protractor. In this way 
the decerebrate tonus of the gastrocnemius muscle was measured. The 
precaution of holding the hip and knee fixed is important, since the 
position of these joints is a factor in determining the. tension on the 
gastrocnemius muscle. Great pains were taken, therefore, to hold the 
hip and knee joint rigidly in as symmetrical a position as possible, while 
the tonus of the gastrocnemius was being measured in this way. This 
method could be used either with the animal astride the support or 
lying on one side. 

When the animal was astride the support we were able to combine 
the absolute and relative measures. In the case of both fore limbs and 



Fig. 1. — Cat astride holder, showing method of measuring angle of elbow 
flexion: T, thread passing from elbow around the rear end of holder F, angle 
of flexion, used in figure 2 and table. 

hind limbs we sometimes exerted the same pull on the two sides and 
measured the angles. In other cases, we pulled the joints to the same 
angle and compared the tension on the two sides. In making these 
observations we paid attention to the degree of accuracy attainable and 
the resulting dependability of the measurements. To this end we often 
repeated the measurements several times in each case. 

In some experiments, electromyograms were made from extensor 
muscles. This was usually done in the case of the gastrocnemius muscle. 
Small windows were cut in the skin, one over the middle, the other 
over the tendinous end of the muscle, and agar electrodes, previously 
described,-® were applied with sutures through the fascia. These were 


25. Forbes, A., and Olmsted, J. M. D. : Am. J. Physiol. 73:25 (June) 1925, 
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Our first experiment was especially favorable for this purpose, since 
after decerebration (before the sympathetic operation) the cat, when 
held in a symmetrical posture, showed symmetrical rigidity, as nearly as 
we could judge by palpation. When the cat was laid on the left side, 
the rigidity at once became slightly but distinctly greater in the left hind 
leg than in the right. When placed on the right side, the rigidity was 
much- greater in the right hind leg than in the left. The position was 
again reversed and again the rigidity became slightly greater in the left 
leg. Applying the spring balances simultaneously, with pulls sufficing 
to produce symmetry in the position of the two legs, the tension on each 
side was measured ; this was repeated with two or three different 
degrees of flexion. The measurements clearly corroborated the findings 
on palpation, showing the leg on which the animal lay to be the more 
rigid of the two. For instance, with the cat on the right side, when the 
rigidity was felt to be much greater in the right leg, the tension required 
for symmetry was as follows : right, 200 Gm. ; left, 90 Gm. ; at greater 
flexion, right, 250 Gm.; left, 110 Gm. When we pulled with equal 
tension on the two sides, the displacement of the legs, measured in 
centimeters, harmonized with the foregoing measurements, the more 
rigid leg showing the less displacement. 

To test the source of error arising from the proprioceptive effects 
described by Magnus and De Kleijn, we rotated the head in this animal 
and found changes in rigidity, wliich could be recorded quantitatively by 
correlation of angle with tension. Raising the head, as the cat lay on 
one side, caused a measurable loss of rigidity in the uppermost hind 
leg, the average difference at equal tensions being about 14 degrees of 
flexion. 

After a series of observations of this sort, lasting about two hours 
from the time of decerebration, the abdominal sympathetic chain was 
laid bare. Then for another forty minutes similar observations were 
made, to make sure there was still no marked difference in rigidity 
between the two hind legs. Then the left sympathetic chain was removed 
from the crus of the diaphragm approximately to the pelvic brim, thus 
eliminating all but the last ganglion involved in the innervation of the 
leg muscles. For a few seconds after this procedure no rigidity could 
be felt in the left leg. Within a minute it had returned and was for a 
time greater, by the spring-balance test, than just before removal of 
the ganglions. More fluctuations followed, but no marked, consistent 
difference between the two sides. If there was any real diminution of 
rigidity in the sympathectomized leg, it was too slight to be distinguished 
from the usual spontaneous fluctuations. 

The second animal in which decerebration preceded sympathectomy 
was also favorable for the desired comparisons. After decerebration the 
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\\;r. v.inir.Jii iv.tl in ilu* l\vi> .si’flirs, as far as palpation could 
trnnirii:, wlittljrr lia* .'ininial w.'is asiriilc tlu: support or lyiiiij on one 
,\ n ir.p.iv.uivo tc'-t of :n)!,'Us in tlu’ ankle joint with the sprinif 
l .d.uur. }jj -t < n the left witli the aniuial oti the right .side, 

.ir,d t).. n in the lewir e .irraneenient, shown! a strikingly cIo.se agree- 
liM T.t ) . jwttn tiie twii ".idc'. Kai'-iiig the head caused slight loss of 
iSf.'shiv in i!;e ujij einiovt hinh, as in the previous aninial. There was 
• < ir.i’ ionnl ne a<tr.ity ar.d llu're were tluctuations of rigidity before 


?);<■ .y.ij] !:e oj cMlion, wjiieli was perf*irnied an htntr and a half 
.iJt.’i- >!( (.ejc J.j.ni' n. 1 he left abdominal .sympathetic chain was removed 
wfjl mto tl.e jcl\ is. Imm<<haiely after tlur operation there was no 
JJi air. tij liu* hmio. In three miniUes it returne»l, aju! during 
tl'.e r.( -.t i nmmif. l-oth 'imnlt.ineoiis pal[)ation and successive 
' ijirg-l .li.ii.ie :r.( .I'lncjnents (the ajiimal lirst on one side, then the 
• i ^ i!<.!ily .'in<i v< 11 .r-tently showed It'sx toims on the operated side. 
I hi - t b- u •..iiioii Would apj.ear to support the lindings of Hunter and 
J<o\Je. ).:;t j< 1 ih.e i..et that at the .same time we noted distinctly less 
lipidny in ti'.e Icjt ji/r,- limb, as well as the hind, although neither fore 
ninb w.is nnolvid m the oj elation. W'e then removed the riylit 
•d-d. min.j) sym}..it];ctic chain, after which the left hind leg continuefi 
^oii j-iciiily to s].ow less ligidity than the right. At this time good 
my t.itic n ile.M .s v.cie slii.wn i»y elect roinyog rams on the right side, but 
none on !J;c left. Jt was .iJm. note! tliai the leiigtheuiiig and shortening 
i<-.,cii<.n’ of ,'^heniiigi<oi (plastic lomis; were present in the right leg 
.liter it.s sunpaihetic imiervaiit'ii was removed. Thus this animal proved 
in the end to aiinrd no .suiiport i«i the theory of .sympathetic plasticity, 
bill j.iiher to .show h<<w deceptive an experiment of this sort may he, 
in c<.>nse<pjence of imcontrolleii cliange.s. 

ihe third animal decerehraic<l before symiKithectomy also showed 
symmetrical rigiiiity when jilaced a.siride the support, both in the fore 
and hind limbs, 'Pen mitmies after decerehraiion the left stellate 
ganglion was removed. I'our miimtc.s after this operation the rigidity 
was marked in both fore legs, the eat lying on its hack. Two observers 
tlioiight there was a little le.s.s rigidity on the operated side; a third 
oli.server was iinahlc to detect any real dirterence by palpation. Five 
minuie.s later, with the animal astride the support, no difference at all 
could he felt between the two sides. When four minutes had elapsed 
a careful simultaneous test with spring balances showed complete 
svmmetry of rigidity in the fore legs. Angles of elbow flexion correlated 
with ten.sion, in a long series of tests, showed almost perfect symmetry 
in the foreleg.s for tlie next half hour. There were fluctuations from 
moment to moment, Init when the tests were simultaneous, the hind legs 
also showed .symmetry within the limits of observational error. The 
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lengthening and shortening reactions of plastic tonus were elicited in 
both hind legs. In the fore limbs, in which rigidity was greater, it was 
possible to obtain an imperfect lengthening reaction; that is, the elbow 
yielded slightly to forced flexion, but release of the foot was followed 
by full extension. No difference in this respect was found in the two 
sides. For four hours after excision of the ganglion, no difference 
could be felt between the two sides. Five and a half hours after opera- 
tion a slight but definite difference was noted, the operated side showing 
a little less rigidity. Three hours later there was no perceptible differ- 
ence, but eleven and a half hours after excision of the ganglion the 
difference was again definite. No further observations were made. 

These three experiments serve to show that fairly wide variations 
in decerebrate rigidity may result from placing a cat in an unsymmetrical 
posture. They also show that when the animal is carefully maintained 
in a perfectly symmetrical posture, rigidity is usually symmetrical, that 
is, equal in the two limbs of a pair, and thus affords a fair basis for 
testing the effect of the sympathetic operation. But this symmetry 
cannot be regularly relied on, for uncontrollable fluctuations occasionally 
occur in a way that may confuse the effects of an operation. 

As to the effect of destroying the sympathetic innervation in these 
experiments, we should note that in both abdominal operations there was 
an immediate loss of rigidity, in one case involving all the limbs. This 
may well have been due to the reflex inhibition of rigidity by the power- 
ful sensory stimulation involved in the operation. If so this phe- 
nomenon has no bearing on the problem of sympathetic innervation. The 
observations made after the requisite time had elapsed for such sensory 
stimulation to cease showed no definite and consistent effect on rigidity 
resulting from the operation. The third animal (stellate) showed the 
most persistent lessening of tonus on the side operated on, but even in 
this case it was intermittent, with interspersed periods of symmetry, and 
the difference was too slight to warrant any conclusions. 

As was stated in the section on method, in all of our experiments 
except the three just described, the removal of sympathetic innervation, 
stellate or abdominal, was performed aseptically first, and then after an 
interval varying from three to eighty days the animal was decerebrated. 
In practically all these experiments repeated observations were made with 
a spring balance, by the methods described above, affording, as far as 
possible, both the immediate, simultaneous comparison in a given pair of 
limbs and the more absolute, if rougher, measure wherein the angle of 
flexion was correlated with tension. A few typical curves illustrating 
the latter correlation are given for individual experiments. Each curve is 
made up of measurements taken in rapid succession to avoid confusion 
due to progressive or fortuitous changes of rig^idity. In some cases two 
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ira-i'i:i< di ;ini;!c ucrc in.tdc at each tcibioii and the nicasurenicnts 
In all c.i.-o .'-liown in these curves tlie animal was astride the 
laiUh r .if.d ht'ih limh.> <<$ tl’.e j.>air umler observation were pniiod svm- 
ir.cuw.My. the reatlinj;- l-.ein-^r nuule first from one, then the other, 
biin*!*' J -lioW' t' lir j'air.^ of curves ironi (he tore limbs in the ease of 
thue '■tell.itc e.Ni v'iimcnl'. ‘I'he methed of plottini' used by Kuntz and 



l-i),'. 2. — Curves fiirreiaiiiii,' dbuw tkcNiuii with tk'.'ciii}; force applied in stellate 
cxjtcrinicms : abscissae, tension applied to wrist periiendicular to ulna: ordinates, 
decrees of llexion (descrilx'd in te.\t) ; solid line, limb operated on; broken line, 
omxrol. I'cbruary 27, three days after operation, measurements made one hour after 
deccreliration : May 11, seventy-six days after operation, upper curves twenty min- 
utes, lower curves three liours after decerebratfon ; May 22, seventy-four days after 
o])eration, one and one-half hours after decerebration. 
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Kerper® is employed, the angles being the degree of flexion of the 
elbow joint; i. e., its departure from 180 degrees. The curves of 
February 27 show slightly greater flexion (signifying less rigidity) on 
the side operated on, especially with the maximum flexing force. The 
same is shown in both pairs of curves of. May 11, especially in the 
second pair, made an hour and a half after the first. The curves of 
May 22, on the other hand, show more rigidity in the leg operated on. 
Figure 3 shows curves from three of the abdominal sympathetic experi- 
ments, the angles being the degrees of flexion in the ankle joint. They 
show slight differences between the two sides, but as in the stellate 
experiments, the average suggests a slight decrease in rigidity on the 



Fig. 3. — Curves correlating ankle flexion with flexing force applied in abdominal 
sympathetic experiments : abscissae, tension applied to foot perpendicular to meta- 
tarsal bones; ordinates, degrees of flexion; solid line, operated limb; broken line, 
control. May 22, four days after operation, measurements forty minutes after 
decerebration; May 22, seventy-three days after operation,, measurements fifty 
minutes after decerebration; May 23, sixty-eight days after operation, measure- 
ments one hour after decerebration. 

side operated on. The differences are usually small, however, com- 
pared with the differences appearing between corresponding limbs in 
different animals or, indeed, between different groups of measurements 
in the same animal, when a lapse of time has occurred between the 
measurements. 

The results taken as a whole are summarized in the accompanying 
table. In this table we have included the most complete of the first 
three experiments, in which decerebration was performed before 
sjTnpathectomy, and all of the experiments in which these operations 
were performed in the reverse order. In columns 4-7 are given the 
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averages of measurements of the significant angles. As in the case of 
figures 2 and 3, the angles express the flexion of elbow or ankle! The 
range of variation among individual measurements making up these 
averages was in the neighborhood of 20 degrees. 

In column 8, showing comparisons of tensions which induced equal 
amounts of flexion on the two sides, each number represents the average 
difference for all measurements made during the course of the experi- 
ment. The difference is expressed as the percentage of excess tension 
on the side on which it was greater. In almost every experiment there 
were both positive and negative differences in the individual measure- 
ments and widely divergent values; the range of variation is indicated 
in column 9. 

The next two columns give the results of comparisons made merely 
by palpation, i. e., without the spring balance. By comparing the results 
in columns 4, 5, 6, 7 and 8 with those in column 10 we can form an 
idea of the amount of agreement between the quantitative measurements 
and the judgments based on feeling. 

The final column summarizes the results of both quantitative mea- 
surement and palpation for each experiment. Four experiments gave 
positive results, that is, supporting Hunter’s view; while three were 
negative, pointing to the opposite conclusion. Eight experiments showed 
symmetry or at most slight and doubtful positive results, making with 
the three negative experiments in the table and the two other pre- 
liminary experiments not tabulated, a majority of thirteen out of 
seventeen, which failed to support Hunter’s view. 

In appraising these results it should be emphasized that we found 
a strong tendency dining supposedly symmetrical palpation to focus 
the attention on the limb operated on, and in making the comparison to 
manipulate it more than its mate. As already stated, this manipulation 
tends to decrease the rigidity in consequence of the lengthening reac- 
tion described by Sherring^ton. It therefore constitutes a highly deceptive 
source of error which may account for the tendency to detect a lessening 
of tonus on the side operated on. 

It ivas noted in the introduction that Hunter insisted on plasticity 
in tonus, revealed by the shortening and lengthening reactions, as the 
special property lost in consequence of sympathectomy. In most of our 
experiments the limbs were examined with especial reference to plastic 
tonus ; that is, we noted whether the lengthening and shortening reactions 
could be evoked and whether the limb operated on differed in this respect 
from its mate. Our observations showed regularly that these reactions 
can be evoked in S3mipathectomized limbs, and in general we found no 
difference in this respect between the limb operated on and its mate. 
In tivo instances there was slightly more plastic tonus on the side 
operated on. 
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The animal decerebrated May 23, sixty-eight days after abdominal 
operation, showed the largest and most consistent difference of the sort 
found by Hunter. We therefore saved specimens of the extensor 
muscles under observation on the two sides and had them sectioned and 
stained with hematoxylin and eosin. Dr. Stanley Cobb examined these 
sections and reported both specimens normal and indistinguishable, as 
far as he was able to observe, under the microscope. 

The animal decerebrated March 2, six days after the stellate opera- 
tion, is an example of the fortuitous changes of rigidity which render 
difficult a strict quantitative treatment of this problem. This animal for 



Fig. 4 . — Appearance of animal two hours after dccercbration, si.\ days after 
left stellate operation, showing persistent maintenance of yreater rigidity in limb 
on which operation has been performed. 

a time showed symmetrical rigidity on the two sides. About an hour 
after decerebration a marked and persistent increase in rigidity appearetl 
on the side operated on as compared with the control. The animal was 
placed on its back, whereon the limb operated on persistently retained 
its posture of extension against gravity, while the limb not operated on 
dropped into a fle.xed position in the manner described by Hunter as 
typical for the limb operated on. This paradoxic condition lasted for 
more than an hour, during which time the photograph shown in figure 4 
was taken. The picture would be quite typical of the condition described 
bv Hunter and Royle, but for the fact ilmt in this case it was the limb 
operated on. and not the control, wlio.se rigidity maintained the extended 
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posture against gravity. The characteristic change in the nictitating 
membrane eliminated the possibility of any error as to which was the 
operated side. 

On the whole our results show a slight preponderance of readings 
which indicate less rigidity on the. side operated on. A careful exami- 
nation of the table, however, shows that the differences between the two 
sides are usually small compared with the differences between the 
absolute measurements in the series of experiments. And it should be 
emphasized that most of the figures in the table are averages made up of 
individual figures showing fairly wide variation. In other words, if 
there is any loss of rigidity traceable to sympathectomy it is small com- 
pared with the fluctuations due to other causes. Since the majority of 
our observations show almost perfect symmetry of rigidity after, as well 
as before, sympathectomy, and since observations showing actually 
greater rigidity on the side operated on are not uncommon, it is fair to 
conclude that if sympathectomy has any effect at all on decerebrate 
rigidity it is at most insignificant. VVe cannot positively exclude such 
an effect ; neither can we conclude that our data, or indeed any other with 
which we are acquainted, suffice to indicate its existence. 

Recalling that Hunter emphasized the need of waiting days or even 
weeks after sympathectomy before decerebrating, let us turn to the 
table to see whether there was any tendency for the effect he described 
to increase as the interval increased. The observations are arranged in 
the order of the number of days elapsing between sympathectomy and 
decerebration, first in the case of the stellate and then of the abdominal 
operations. No such correlation appears, and we are therefore unable to 
verify the existence of any delayed effect such as has been alleged. 

In three of the animals decerebrated after unilateral sympathectomy 
we compared the electromyograms of the extensor muscles in the limb 
operated on and in its mate. Records were made of rigidity, undis- 
turbed by applied tension, and of the myotatic responses to forced flexion, 
equal tensions being applied to the two sides in alternation. On the 
intact side there was no clear evidence of tonus without action currents ; 
that is, the apparent amplitude of the action currents in general corre- 
sponded with the tension which the rigidity was resisting. Furthermore, 
no regular difference in this respect was found between the two sides. 

COMMENT 

Our evidence, as well as the theoretic considerations outlined in the 
introduction, lead us to substantially the same view that has been set 
forth by Walshe.*® Perhaps the strongest reason for supposing that the 
sj’mpathetic nerves play a significant role in maintaining tonus in skeletal 

26. Walshe, F. il. R.: Med. Science 12:437 (Sept.) 1925. 
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muscle is the histologic evidence for the existence of certain muscle fibers 
innervated by these. It is perhaps premature to accept these anatomic 
findings as conclusively established for limb muscles, but they seem to 
have been supported by degeneration experiments in the hands of such 
competent workers that their validity is probable in the muscles that 
have been examined. If an appreciable number of skeletal muscle fibers 
in the limbs are innervated in this way, it is hard to conceive of such 
a neuromuscular mechanism existing without functional significance. 
Sympathetic innervation in itself suggests the possibility of a relatively 
sluggish type of contraction. Moreover, several workers have shown 
that the red fibers respond more sluggishly than the white, both as 
regards their action currents and their contraction. The postulation of 
a catch mechanism for plastic tonus, distinct from the contractile mecha- 
nism, is a natural consequence of the superficial resemblance between 
plastic tonus and the behavior of the molluscan adductor. Needliam 
suggests that the red fibers may possess a catch mechanism for tonus and 
a separate contractile mechanism for shortening, whereas the white fibers 
possess only the contractile mechanism. How can we reconcile such 
mechanisms with the fact that a nerve when excited responds with only 
one kind of impulse, and the regular consequence of this is a contractile 
response in the innervated muscle — a response that cannot be graded in 
quality or quantity except so far as the frequency of e.xcitation or the 
load encountered is altered? A catch mechanism in the red fibers, dis- 
tinct from their contractile mechanism, would require either a separate 
neural path or a property in the muscle of responding in a special way 
to a limited range of frequencies in the nerve impulses. An obstacle to 
assigning the alleged sympathetic function to the red fibers is the obser- 
vation of Hay-® that they are innervated by medullatcd nerve fibers. 
A much simpler view than that of dual function would be that each 
muscle fiber, whether red or white, slender or coarse, has only one tyj)e 
of functional response, but that such fibers as have sympathetic con- 
nections contract more sluggishly than those innervated directl}' from 
the spinal cord. On this view we should expect the muscle as a wliole to 
contract and relax more briskly' after sympathectomy, since the quicker 
white fibers are still in action and the slower fibers have ceased to func- 
tion. If then we regard tonus simply-as a nicely balanced and sustainetl 
series of proprioceptive reflexes, as Cobb contends, then throwing the 
more sluggish fibers out of action should render tonus less ])lastic. Ji 
the limb muscles really possessed the alleged sympathetic innervation, 
it is quite possible that this would be the case, but our results show that 
the change, if it occurs at all, is insignificant. This conclusion is rein- 

27. Cobb (footnote 1, p. 520). 

28. Hay, J.: Liverpool M. & Chir. J. 21:-}31, I'JOl. 
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forced by the recent evidence of Huggett and Mellanby on the absence 
of influence on tonus of those drugs affecting autonomic endings. 

Hunter contended that the effect of sympathectomy on tonus becomes 
progressively greater for many days after the operation. We. would 
again emphasize that such a progressive change, if established, would 
prove that the loss of tone was not directly due to the cessation of motor-! 
nerve impulses, since these impulses must cease to flow immediately, after 
section of the nerve. The effect would necessarily depend on secondary, 
causes. If the loss of tone really occurred, it might conceivably result 
because disuse would render the fibers softer and more extensible and 
therefore less prone to resist deformation of the muscle as a whole, or it 
might be due to circulatory changes. On reference, to the accompanying 
table it will be seen that the two most definitely positive experiments in 
our series were on animals decerebrated three and ten days after :sympa-. 
thectomy. On the other hand, we find two negative experiments at 
six and eleven days, and two symmetrical experiments at four and seven 
days. These observations point to the view that we are dealing rather, 
with haphazard or chance fluctuations than with any definite results of 
the operation. Certainly no tendency to a progressive increase in the loss 
of tonus appears in our table. 

Physicians and surgeons who have observed cases of spasticity in 
which ramisection was performed have described them to us; In one 
case, at least, careful observation before and after operation showed no 
relief from the spastic condition. In two cases, on the other hand, the 
operation seemed to produce some degree of temporary and even perma- 
nent improvement. Such cases and those reported by Royle, together 
with the apparently positive experiments on goats, appear to be the 
chief facts in favor of Hunter’s view. How are we to reconcile them 
with the apparent lack of physiologic basis in our experiments and in 
those of the majority of other workers? Of our experiments those 
which seemed to show definite results of the sort described by Hunter 
and Royle were few. The positive results of others and the surgical 
successes have also been few. In view of the many possible sources 
of error in the interpretation of results, and especially in consideration 
of other possible causes of improvement in the surgical cases — such as 
exercises, mental suggestion and extra good care — it is perhaps reason- 
able to conclude that the surgical successes are not much more significant 
than the small percentage of apparently positive experiments in our 
series. Looking over the sum total of results from both surgical opera- 
tions and physiologic experiments reported by a considerable number of 
workers, we are led to believe that the alleged effects of sympathectomy, 


29. Huggett, A. St. G., and Mellanby, J.: J. Physiol. 60:8, 1925. 
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when present, are due to extraneous circumstances and uncontrolle 
causes rather than to the direct effects of removing’ the svmpatheti 
innervation.®® 

SUMMARY 

1. Certain investigators have contended that “contractile’’ an 
“plastic” toniis in skeletal muscle are two distinct functions, dependin; 
respectively on the cerebrospinal, medullated nerve fibers and on thos 
arising from the sympathetic chain. This theory we find to be withoii 
adequate experimental foundation, and, in its extreme form, inconsisteii 
with the known facts of nerve-muscle physiology. 

2. In a series of cats we have cut the sympathetic innervation of on 
limb, either immediately after or at intervals varying from three t( 
eighty days before decerebration. In these animals we have comparec 
the decerebrate rigidity of the limb involved in the operation with tba 
of the other limbs, measuring with spring balances the tension require< 
to force various degrees of flexion, and noting the “plastic” featun 
of rigidity. 

3. The results have shown wide variations in rigidity, depending oi 
postures imposed on the animal, and almost as great variations appar 
ently dependent on conditions of the experiment not subject to cojitrol 
Comparison of the operated limb with its mate usually shows almo.s 
perfect symmetry, i. e., no appreciable difference. Sometimes there i: 
less rigidity on the side operated on, sometimes more. Averaging tin 
measurements of the entire series showed slightly less rigidity on tin 
side operated on ; but this difference was small compared with the indi- 
vidual fluctuations in both directions making up the average. 

4. We conclude that if there is any loss of tonus in consequence oi 
the operation it is insignificant. Certainly decerebrate rigidity persists 

30. Since this article was written, an article by S. W. Ranson (J. Comp 
Neurol. 40:1 [Feb.] 1926) has appeared in which a lessening of decercbrati 
tonus, following application of nicotine to spinal ganglions, is cited in support 
of the theory of plastic and contractile tonus. This article contains no proof oi 
a qualitative change in tonus, and the results might be e.xplaincd in other way? 
not involving the assumption of two types of tonus. .Another recent paper by 
Kuntz and Kerper (Am. J. Physiol. 76:121, 1926) ends to support the conception 
of a plastic function mediated by the sympathetic nerves. Their results arc 
complicated by the presence of the intact cerebrum. .-V. possible explanation may 
lie in L. A. Orbeli’s observation (J. Petrograd M. Inst. 6:8, 1923) which sug- 
gests a chemical effect of sympathetic nerve impulses counteracting fatigue and 
thus aiding sustained contraction under conditions tending to produce fatigue. 
Still another paper by F. D. Coman (Bull. Johns Hopkins Hasp. 38:163 [.March] 
1926), which has appeared since our article was written, furnishes three lines of 
evidence against the view that postural tonus of skeletal muscle is dcveloi>cd er 
maintained by sympathetic nerves. 
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at least approximately undiminished, and manifests its plastic features 
after sympathectomy. 

5. This conclusion removes the alleged physiologic basis for the 
surgical operation of ramisection as a cure for spasticity. If patients 
are in reality improved in consequence of this operation, it is probably 
due to some incidental feature of their treatment, and not to the inter- 
ruption of nerve impulses arising in the sympathetic nervous system. 



THYROID DISTURBANCES 

CLINICOPATHOLOGIC STUDY OF THREE HUNDRED INSTANCES* 
FRANK B. MENNE, M.D.; THOMAS M. JOYCE, M.D. 

AND 

A, P. VON HUXGEN, A.B. 

PORTLAND, ORE. 

The study of thyroid disease has progressed in a manner similar to 
that of kidney disturbances. Each has resulted in the introduction into 
the literature of many classifications. For this reason antagonistic views 
have always existed between clinicians and pathologists concerning the 
study of irregularities in these organs. 

While, therefore, the literature of the thyroid gland is considerable, 
comprehensive clinicopathologic analyses that might mitigate these dif- 
ferences have not been found. Most pathologic studies of the thyroid 
gland have been either in the form of simple academic outlines of jiiire 
pathology or as histopathologic studies correlated with certain of the 
more striking symptoms. One of the earliest classifications of thyroid 
changes in relation to symptoms was that proposed in 1908 by Wilson/ 
who found that general changes in the thyroid parenchyma paralleled 
the character and intensity of symptoms produced. Later Wilson - 
differentiated the pathologic changes in simple and exophthalmic 
goiters, subdividing the former group into diffuse and nodular 
types. Shepherd and Duval,® writing in 1909, reported hi.sioj)athologic 
changes found in a series of fifty-nine cases, but concluded that no 
cytologic changes could be regarded as specific for any special type of 
disease of the thyroid gland. Following this Marine and Lenhart ‘ 
introduced a classification based on the principles of pure path(jlogy. 
While the details are accurate it is perhaps too academic for clinical 
application. Similarly, McCarty® in 1912 published an elementary 
analysis of histologic findings in a large number of cases, but without any 
conclusions as to their significance or possible application. .About 1919, 
Plummer'* pointed out that hyperthyroidism could be divided into two 
separate and distinct types each due to a different pathologic change in 

*From the dcpartniciits of pathology and surgery of the L'nivir.'ity of 
Oregon Medical School. 

1. Wilson, L. B. : .\nj. J. M. Sc., December, ISOS. 

2. Wilson, L. B.: Surg., Gyncc. & Obst., June, 1‘AD, pp. 55S-6f'2; .\[u. J. 
M. Sc, 146:781-790, 1913. 

3. Shepherd and Duval: Tr. Am. S. A. 27; 56. 1‘>W. 

4. Marine and Lenhart: .Arch. Int. Med. 7:5Uo-535, 1‘>I1, 

5. McCarty, Y. C. : New York Stale J. Med. 12:5‘^5. l'/12. 

6. Plummer, H. S. : .Am. J. M. Sc. 14G:7‘A), lol.t. 
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the thyroid gland; namely, diffuse hypertrophy and hyperplasia, and 
adenoma. A later clinical classification by Williams ^ differentiated 
simple and toxic goiter. In the same year. Else ® introduced a more 
comprehensive classification, segregating a cardiovascular group. In 

1922 Goetsch ® introduced a conception of excessive interstitial hyper- 
plasia which he designed adenomatosis, pointing to it as a factor in mild 
hyperthyroidism. That these changes are not compensatory or regenera- 
tive rather than primarily toxic has never been established. Holst in 

1923 offered a simple classification based on gross findings. He agreed 
with Hellwig,^^ who had traced the steps of development from simple 
colloid goiter to a typical exophthalmic gland, that all cases of hyper- 
secretion are conditions of hyperthyroidism and not dysthyroidism. 
BiedP- in 1924 summarized the European conception of thyroid dis- 
turbance as follows: (1) simple diffuse struma; (2) simple nodular 
adenoma, and (3) parenchymatous hyperplastic thyroid. He maintained 
that true Basedow’s disease is seen only in subjects with status thymico- 
lymphaticus. More recently Williamson and Pearse have introduced 
a classification based on their conception of thyroid structure. It would 
seem that detailed observations have been ascribed an unestablished 
importance in their outline. 

Much of the divergence in views held is undoubtedly due to the 
incomplete knowledge of the structure and physiology of the thyroid 
gland. In spite of the splendid work of Bensley on the opossum in 
which he pointed out the mode of secretion, transcellular or intercellular 
migration, and colloid storage, much remains obscure as to the manner 
in which the gland responds to stimuli. There is a question as to whether 
the whole gland may become active in a diffuse way or in a patchy focal 
reaction. The relative stability of the hormone containing colloid also 
is unsolved. It is conceivable that an older colloid may hold the active 
principle with greater tenacity than that more recently formed and stored. 
The resistance of such colloid stability to demanding stimuli may lead to 
more responsive portions yielding an overproduction. . Then, too, there 
remains for determination the secretory power of thyroid epithelium as 
affected by such colloid storage, since the latter in itself may possibly 
lead to cell atrophy and atony. Williamson and Pearse in their recent 

7. Williams, C.: Am. J. M. Sc. 161:223 (Feb.) 1921. 

8. Else, J. E.: Northwest Med. 20:118 (May) 1921. 

9. Goetsch, E. : Endocrinology 6:59-72 (June) 1922. 

10. Holst, J. : Acta chir. Scandinav. 4:1-91, 1923. 

11. Hellwig, A.: Deutsch. med. Wchnschr. 48:420, 1922. 

12. Biedl, A.: Ann. Clin. Med. 3:444 (Dec.) 1924. 

13. Williamson and Pearse: J. Path. & Bacteriol. 28:361-389 (April) 1925. 

14. Bensley: Am. J. Anat. 19:37 (Jan.) 1916. 

15. Williamson and Pearse: J. Path. & Bacteriol. 26:459, 1923. 
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work on the structure of the thyroid have offered some interesting^ data 
as to the nature of the tubuli, the vascular relationship and the manner 
in which the solid tubuli develop colloid containing alveoli. It is their 
opinion that the active agent is delivered into 13'mph channels. This is in 
disagreement with others who regard the veins as being the citief carry- 
ing channels of the hormone. The question as to whether the thjToid 
gland can produce anything but a specific honnone in normal, deficient 
or excessive amounts has never been fully answered. 

Although there have been conflicting interpretations of the thyroid 
in health and disease, there are outstanding facts of common oliserva- 
tion. It is generally agreed that the gland varies markedly in size anil 
shape and that clinically it ranges in symptomatology from cretinism and 
myxedema to hypersecretion or perversion of function as the case may 
be. In our experience we have been able to group the surgically removed 
portions, or entire glands, according to their gross characteristics and 
salient, predominating microscopic pathologic condition as follows ; 

PATHOLOGIC CLASSIFICATION NORMAL OR ENLARGED GLAND WITH 

OR WITHOUT INCREASED OR DECREASED ACTIVITV 

I. Diffuse parenchymatous hyperplasia. 

1. Gross examination: Compact, ischemic, grayish wiiite and colloid 

free. 

2. Microscopic examination; 

a. Hyperplasia and hypertrophy of epithelium. 

b. Peripheral or general vacuolization of colloid. 

c. Dilatation of lymph channels and engorgement 01 blood vessels. 

d. Variable increase in the supporting stroma with or without round 

cell infiltration. 

II. Diffuse adenomatous hyperplasia. 

1. Gross examination; Diffuse reddish brown gland without noticeai)Ie 

nodularity or accentuation of lobular markings; variable am»um 
of colloid. 

2. Microscopic e.\amination : 

a. Focal changes similar to Group I. 

b. Normal or colloid stretched alveoli. 

c. Focal hyperplasia and hypertrophy of epithelium. 

d. Xnteralveolar hillocks or intra-alveolar papillomatous projection'. 

e. Focal round cell collections of psetidulympli iicides. 

f. Focal increased vascularity and dilated lymph channels. 

III. Nodular adenomatous hyperplasia. 

1. Gross examination; X^ariable nodular aceeinnaiion oi the lobul.tr 
markings with or without excessive colloid storage, cv'tic degen- 
eration, hemorrhage, scarring or lime >;»It deposit. 'Ihe color 
usually varied with the regressive changes. 
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2. Microscopic examination: 

a. Focal cytologic changes similar to these found in Groups I 

and II; compensatory. 

b. Characteristic retrogressive changes. 

c. Areas of adenomatosis. 

IV. Solitary adenoma. 

1. Gross examination: Variable in size; circumscribed; solitary or 

multiple; grayish white to dark reddish brown; solid, cystic or 
colloid filled. Regressive changes may be present. 

2. Microscopic examination: 

a. All stages of fetal types of alveoli. 

b. Peripheral pseudocapsule formation with round celled infiltra- 

tion and compressed alveoli. 

c. Focal neighboring hyperactive areas in adjoining parenchyma. 

d. Neighboring areas of adenomatosis. 

V. Neoplasms. 

VI. Inflammations. 

1. Pj'Ogenic. 

2. Infectious granuloma. 

While the gross divisions of the portions of the thyroid removed are 
rather easily affected according to the foregoing outline, there are numer- 
ous instances of the shading of one group into the other. Such glands 
of border-like nature must be relegated to the group according to the 
dominancy of certain classifying characteristics. More detailed separa- 
tions are as futile here as they are in kidney disease. 

In the microscopic analysis it is important to establish histologic 
criteria of activity or rest. We are certain of one thing, namely, that 
the histologic appearance of the gland in Group 1, diffuse parenchymatous 
hyperplasia — so-called exophthalmic goiter (Fig. 1) — ^is just as definite 
as are the gross and clinical manifestations. This is conceded to be an 
entity in all respects. We may therefore safely assume that the micro- 
scopic pattern found here is one resulting from the production and the 
delivery of thyroid hormone or its by-products into the lymphatics or 
veins. There is evidence to show that cellular hypertrophy and hyper- 
plasia, peripheral vacuolization of colloid, dilated lymph channels and 
veins and the resulting alveolar distortion occur in the order named, and 
are natural steps in the mechanism of function of any ductless gland and 
are accompanied by an increased blood supply to the part. Pfolonged 
activity probably leads to the necessity for more supportive stroma and 
the appearance of special inflammatory absorption reactions consisting 
of lymph cell collections or pseudolymph nodes (Fig. 2), Finally 
destruction with areas of adenomatosis (Fig. 3) — ^probably reconstruc- 
tion — or a gradual reversal of the process occurs. When the latter is 
viewed a double row of cells lining alveoli, small papillomatous projec- 
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tions into large colloid filled alveoli and interalveolar hillocks may he 
seen (Figs. 4 and 5). The disturbance finally becomes patchy, \\’ith 
such histologic criteria as these in mind one can analyze the thyroids of 
various groups and gage their relative activity in surprising agreement 
with the clinical manifestations. One can say with a fair degree of 
accuracy as to whether a given gland has produced no, slight, moderate, 
marked, or extreme symptoms. 

In view of the foregoing observations it would seem to us that thyroid 
activity is generally spotty, E.xcessive colloid storage, nodular modifica- 



Fig. 1. — .Appearance of structural design in the diffuse parenchymatous hyper- 
plasia, so-called exophthalmic goiter. 

tion of structure, inflammatory atrophies, and neoplasm in one [A'lrt may 
reflect an increased necessity for activity in another or adjacent j;<»rtii n. 

W'ith these pathologic conditions in mind we deemed it of .'iifiicieiit 
merit to analyze 300 instances of thyroid disturbances in the liglit of the 
available clinical data in each case (accompanying table 

CO.M.ME.N'T O.V T.MiLE 

It will be seen that thirty-eight of these, or 12.6 j.cr cent., fall in 
Group 1 (dittuse parenchymatous hyperplasia). 108. or 35 j.er cent., in 
Group 2 (dittuse adcnoinatou.s hyperplasia;, 102 in g.-oiip 3 < 
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adenomatous hyperplasia), 41 in Group 4 (solitary adenoma with hyper- 
plasia), seven in Group 5 (neoplasm) and four in Group 6 (inflamma- 
tory processes). It may be noted that 216, or 70 per cent., fall in the 
second and third groups. 

Age. — Seventy-six per cent, of all the thyroid disturbances came to 
clinical attention before the fifth decade of life. 

The data at hand point to an earlier manifestation of irregularities in 
Group 1, and in all other groups in proportion to the amount of his- 
tologic changes of a similar parenchymatous nature. The age at which 



Fig. 2. — Formation of lymph cell collections or pseudolymph nodes in the 
presence of continued or receding activity. 

a patient comes to be treated is of course no criterion as to the time or 
rate of development. Nodularity in thyroid enlargement evidently 
requires time, probably being the resultant of many unbalances between 
storage and the circulatory dispersion of the thyroid hormone. 

— In the first two groups there were four times as many females 
as males. In two of the groups (Groups 3 and 4), the ratio of males 
to females is approximately 1 : 10. The proportion here established 
shows the relationship in the decades of life in which reproduction is 
most common, the frequency of thyroid enlargement being greatest in 



MEXXE ET AL.— THYROID DISTL'RBAXCES 




women. The evidence as to sex ratios, in this study, is at variance with 
other reports from this district concerning men and women of an earlier 
age. Hall,^® examining 3,339 students at the University of W'ashingtun. 
found “perceptible, medium and large” thyroids in 374 men out of 2.0S6 
examined (17.94 per cent.) and in 388 women out of 1,253 e.xamined 
(30.94 per cent.), respectively, a ratio of one man to two women. The 
average age was about 20 years. 

Location . — Most of the patients studied came from regions in Oregon 
and Washington. It is generally agreed that thyroid disturbance is 



Pig_ 3. — .Area of adenomatosis near an old scar; such hisiolon'ic clian.;;es .ire 
common in regions of the pseudocapsule of nodules or foci of de^er.eraf.on. 


endemic in these two states. It is therefore of interest to note th.at 12.'» 
per cent, of all those studied fall detinitcly in (Iroup 1 (so-called e,\oi h- 
thalmic goiter). All gradations between the dilTuse |areiichyir.ai' iis 
hyperplasia group and that of the tliuuse adenomatous hyj.erpl.isia ha-.e 
been observed. But the incidence t)f typical su-calied exupljiiiahnic g* Uer 
given here is of import. There is a .'crtrcity of figure in tlu- liter. i!i::e 
as to the freijnencv in notrgoitrous tlisiricts. tliai ci'niyai:- n. > n t 


16. Hall: Xorihwest Med, 
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possible. Mortality statistics are unreliable for purposes of conclusions 
as to the prevalence of a given type in a particular community since the 
death rate was much higher at that time in the so-called exophthalmic 
variety than in others. 

Rate and Time of Development . — Our clinical histories are incom- 
plete concerning this data. In the first two groups a large percentage 
developed more rapidly than in those of the other groups. It would be 
of general interest to know the exact details of the manifestations of 



Fig. 4. — Multiple cells lining alveoli and papillary projections. 


enlargement that have occurred in each subject presenting himself for 
treatment. 

Marital State . — ^Approximately 80 per cent, of all the thyroid diseases 
studied occurred in persons who were married. This high incidence is 
due to the greater frequency of such disturbances in women who have 
undergone pregnancies. About half the married women in this series 
had from one to four pregnancies, in addition to a considerable number 
of miscarriages. The latter were more frequent in the first two groups. 
It is probably the result of a combined excessive or modified metabolism 
and other internal secretion derangements that excite the thyroid in 
maternity. 
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Previous Conditions . — Here we have grouped various childhood dis- 
eases and incidental infections. All these have induced periodic demands 
for excess metabolism. It is not possible to pick any one or any grouj> 
of conditions which may be specifically related to thyroid disturbances. 
The literature is silent on tlieir role. It seems to us that there is to be 
found here a fertile field for experimentation. There is some sugge.'tic.ji 
of slow incipient infections, such as tonsillitis, having a more profound 
and subtle effect on thyroid unbalance than the more acute ones. .\nd 



yet one hesitates to speculate on the appearance of the di>turbar.ce hi 
relationship to the time of insults, physiologic «ir paihulogic. 

Circulatory Disturbances . — liloud pressure was in general increa'* .1. 
The svstolic pressure appeared to have no definite relalit n-hip t<i li.e 
type. In respect to the age it w.as generally higiier in tb.e lir.-t f.v-. 
groups. In (Jroups 3 and -I. made up largely nf older indiv:di:;d^. 'laii 
changes as arteriosclero.xis and arteri«icajiil!ary fibro.-is were inai' idgt dr. 
factors in the average higli systolic pres-ure. In general the j.id-e j.ri ••• 
sure is high. In llroup 1. 7.^ i'cr cent, were more ti:an i.igb 

average tlecre.ased in tlie otb.er gnajjis. Pub'e j)re-'U.''e i- a: yard.:!.- 
much more pronounced in the thyo-als e.\h:bnn.g j arezah 
hyperplasia. 
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_ Associated Coiiditions.—Th^ symptomatology is essentially the same 
m all types of the disturbances studied, varying only in degree Dyspnea, 
tachycardia, nervousness and pressure are the most constant. Diabetes 
occurred in one instance in the first group. Exophthalmia was seen in 
the first three groups. It may manifest itself in any thyroid disturbance 
and IS usually associated with emaciation, pointing to excessive metabo- 
lism and perhaps other internal secretion disturbances. 


Basal Metabolism Rate. — In Group 1 twenty-nine, or 82 per cent., 
were above plus 50, from three to eight times as high as in any other 
gfroup. In practically all the instances studied it was above normal (i. e., 
plus or minus 0 to 15). 

Clinical Diagnosis.~Ninety-six per cent, of Group 1 (diffuse paren- 
chymatous hyperplasia) were classified clinically as hyperplastic toxic 
goiters. This term was applied in 36 per cent, and 5. per cent, of the 
thyroids in Groups 2 and 3, respectively. Exophthalmic goiter was the 
diagnosis in a small percentage in the first three groups. Eighty-one 
per cent, of Group 3 (nodular adenomatous hyperplasia) were classified 
clinically as toxic adenomas. The clinical classification made indepen- 
dently, at the time of operation, corresponds reasonably well with the 
natural but somewhat arbitrary pathologic classification adopted here. 

Amount Removed. — ^There has always been more or less speculation 
as to the effect of the surgical removal of a part of the gland in a given 
condition. This procedure allows the surgeon to estimate the amount to 
be removed leaving as far as possible a symmetrical neck. The amount 
removed is based on the irregularity in size, the evident pathologic condi- 
tion, and the severity of the symptoms. No two surgeons follow the 
same technic. In 1898 and later in 1914 Halstead studied the effect of 
transplantation, removal and amputation of the thyroid gland. He found 
that the remaining portion of the gland was almost invariably followed 
by enlargement. The histologic changes were similar to those found in 
so-called exophthalmic goiter. No such opportunity is afforded clinically. 
However, the thyroid tissue was weighed immediately after removal and 


before preservation. 

This was done with the idea of checking the end-results in the light 
of the amount removed and the evidence of disease in the gland. In 
gfeneral, the amounts excised at the present time are smaller than they 
Avere several years back, but larger in proportion to the total size of the 
gland. This is probably because of the education of the public to the 
dangers of prolonged intoxication from thyroid disturbances and to 
the need of early consultation of a physician. The amounts removed 
Avere smaller in Group 1 and greatest in Group 4. 


17. Halstead: Am. J. M. Sc. 147:56, 1914. 
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In the foregoing discussion, Groups 5 and 6 were not considered 
because the number of cases are insufficient to warrant the drawing of 
conclusions. Six of the neoplasms were carcinomas. One was a solitary 
papilloma. Of the four inflammatory processes two were tuberculous 
and two were undetermined, but were associated with chronic pharyngeal 
and peritonsillar disturbances. 

The value of any pathologic classification, from a practical point of 
view, is valuable only as it may be readily fitted into a clinical concept. 
It has been of interest to us to note that there are many difficulties in 
such assorting of thyroid diseases, but that the situation approaches 
futility when there is an attempt made .to give each detail in the morbid 
anatomy a distinctive entity. Until more exact physiologic knowledge is 
at hand the clinician and pathologist must content themselves with a com- 
parison of the evidences of disease in the patient and the anomalies of 
thyroid design as seen in the laboratory. Accurate histories as to the 
time and rate of development as well as careful postoperative observa- 
tions would add valuable information not found in the literature. We 
deprecate the use of a simple clinical sign or symptom in naming a 
certain thyroid disease or type. For example, it is evident in the literature 
as well as in our study that exophthalmia may be accidental in any hyper- 
thyroidism and yet many clinicians still use it in a specific way. We are 
in sympathy with the appellations of toxic and nontoxic as introduced 
by Plummer and Wilson. These terms should, however, be borne out 
by an accurate clinical record before being applied. More careful 
accounting of the preoperative facts will undoubtedly lead to a closer 
agreement between clinical symptomatology and the subsequent studies 
of the morbid anatomy of the thyroid. 

CONCLUSIONS 

1. A simple clinicopathologic study is desirable in all thyroid diseases. 

2. The incidence of so-called exophthalmic goiter (diffuse paren- 
chymatous hyperplasia) in proportion to other types in endemic and non- 
endemic areas is of importance. 

3. Pregnancy is a factor in precipitating thyroid unbalance. Miscar- 
riages are frequent in proportion to the toxicity. 

4. The pulse pressure in thyroid disturbances is usually high, being 
highest in the parenchymatous hyperplasia group. It is out of proportion 
to the ordinary changes in blood vessels occurring in early and middle 
life. 

5. The basal metabolic rate is a valuable indicator of thyroid 
unbalance and should be employed after operative procedures as well 
as before. 



342 


ARCHIVES OF SURGERY 


6 . More experimentation is desirable in determining the significance 
of adenomatosis, solitary adenoma and other pathologic changes, as well 
as the clinical effect of the amount removed. 

7. A simple classification of the pathology of thyroids is given because 
a complicated classification of thyroid disease is futile and cannot lead 
to knowledge that lies in the field of proper experimentation. 



SITUS INVERSUS VISCERUM 

AN ANATOMIC STUDY * 

MATHER CLEVELAND, M.D. 

Associate in Anatomy, Columbia University College of Physicians 

and Surgeons 

NEW YORK 

Situs inversus viscerum is that condition in which the normal 
arrangement of the viscera is reversed to form a mirror picture of the 
usual position. Such transposition is usually total but may in rare 
instances involve either the thoracic viscera or the abdominal viscera 
alone. 

The subject has fascinated the medical profession for more than 
three centuries. There is a certain romantic distinction conferred on a 
person who differs so fundamentally in the arrangement of his anatomy 
from his fellow men. 

HISTORY 

A brief historical survey shows a case of reversed liver and spleen 
reported by Fabricius in 1600. Petrius Servius, in Rome, in 1643 
recorded a case of transposed viscera. In 1824 the condition was recog- 
nized for the first time by a clinician. It was discovered by auscultation 
and percussion, recently acquired aids to clinical examination. 

From this time forward the condition has been reported with increas- 
ing frequency. In 1865, Gruber reported seventy cases which he had 
been able to compile up to that date. Kiichenmeister ^ in 1884 compiled 
149 cases, only forty of which appeared before 1819. Various other 
writers have added to this series, notably Pic, in 1895, who brought the 
number up to 190. In 1906 Sorge ^ was able to compile only 194 cases. 
In 1912 the literature was reviewed by Karashima.® He stated that 
more than 200 cases were probably on record and many others had 
doubtless been recognized but not reported. 

From 1912 forward I have reviewed the literature and present what 
I believe to be a complete bibliography of the subject from that year up 
to the end of 1924, thereby bringing the history of the subject to date. 

* From the department of anatomy, Columbia University College of 
Physicians and Surgeons. 

1. Kiichenmeister, G. F. H. : Die angeborne vollstandige seitliche ver- 
langrung der einglweide des Menschen, Leipzig, 1883. 

2. Sorge, F. G. : Kasuistischer Beitrag zur Kenntnis des Situs viscerum 
inversus. Thesis, Berlin, 1906. 

3. Karashima, I.: Ein Fall von Situs inversus viscerum totalis. Thesis, 
Munich, 1912. 
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The important milestones passed in the history of situs inversus are: 

1. The report of the first human cases by Fabricius and Servius 

1606 and 1643. ' 

2. The first clinical observation of the condition in 1824, using 
auscultation and percussion. 

3. The first diagnosis of the condition by roentgenograph in 1897. 

It is interesting to note the' change in case reports over this long 
period of years. Of the seventy odd cases reported by Gruber up to 
1865, only five or six had been reported in living subjects. Until 1900 



Fig. 1. — ^Thoracic and abdominal cavities reveal transposition of viscera: 
the heart lies to right in its intact pericardial sac; the liver occupies the left 
hypochondrium, while the greater part of the stomach lies to right of midline 
in right hypochondrium; the omentum overlies remaining gastro-intestinal 
tract, concealing its position. 

the vast majority of cases were discovered post mortem or were revealed 
in the course of surgical exploration of the abdomen. Since that date 
the number of cases discovered by clinical observation has rapidly risen 
to a point where they form the great bulk of the case records. This is 
probably because of the greater frequency of routine physical examina- 
tion and the wider application of roentgenology as a diagnostic proce- 
dure. More than 90 per cent of the case reports at the present time deal 
with the living subject. 

It is not possible to determine with absolute accuracy the number 
of cases of situs inversus that have been reported. Many authors report 
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Fig. 2. — Thorax showing relation of structures in superior part of inter- 
pleural space: the retraction of the mediastinal parietal pleura on either side 
reveals the phrenic nerves lying between the pleura and the intact pericardium; 
the right innominate vein runs obliquely and to the left, in front of the three 
main branches of the aorta; this vein formed by the junction of the right 
subclavian and the right internal jugular veins joins the short left innominate 
trunk, 2 cm. in length, to form the left superior vena cava. The left superior 
cava extends downward, receiving a pericardial investment to enter the left 
atrium. Its extrapericardial course is 5 cm. in length and its intrapericardial 
course about 2.5 cm. The aortic arch covered by the fibrous pericardium is seen 
extending upward, backward and to the right, giving off the following branches 
in order from left to right: (1) the innominate, which subsequently divides into 
left common carotid and left subclavian arteries; (2) the right common carotid 
artery, and (3) the right subclavian artery. These vary in no way from the 
usual arrangement except for the transposition. 
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one or more cases and add additional cases from other clinics or from 
their colleagues. This leads to considerable reduplication', which must 
be guarded against. As far as can be determined with, reasonable 
accuracy, since 1912 there have been recorded some 160 cases of situs 
inversus, which brings the number reported by Karashima at that date 
up to an approximate total of a little less than 400. 

FREQUENCY 

The condition is now generally regarded as less rare than it was 
formerly believed to be, but we are not convinced that it is as frequent 
as some writers imply. 

In 1902 when Arneil * wrote on the subject, he communicated with 
nineteen prominent internists and five anatomists in an effort to com- 
pile the number of cases each had seen. Five internists and four pro- 
fessors of anatomy had never seen a case. 

Roentgenologists are rather apt to see a larger proportion of the total 
number of cases than clinicians or anatomists. In response to a letter 
written by Upson “ of Battle Creek to thirteen roentgenologists in 1921, 
•the number which each stated that he had seen was rather vague. Some 
of them had never seen any. LeWald ® at that time stated that he had 
seen twenty-two cases and in a recent report presented twenty-nine cases 
that he himself had observed. He admits that the frequency of twenty- 
nine cases in 40,000 examinations, or 1 in 1,400, is high and we are 
inclined to agree that his experience has been unusual. 

In the anatomic laboratory of the Columbia University College of 
Physicians and Surgeons during a period of forty years about 10,000 
subjects have been examined in routine dissection and the case presented 
here is definitely the first instance of complete or partial transposition 
of the viscera; in the years preceding 1885 we have no record of any 
similar case. 

Sherk^ stated in 1922 that the Mayo Clinic could find only ten 
cases out of 347,000 registered in the twelve year period preceding. A 
report of the frequency of this condition among the recruits of the 
various armies recently mobilized would have been extremely interesting, 
but in reply to a recent inquiry the Surgeon General’s Office stated that 
there were no data available on this subject. 

4. Arneil, J. R. : Qinical Observations on Congenital and Acquired Trans- 
position of Viscera, Am. J. M. Sc. 124:885, 1902. 

5. Upson, W. O.: A Case of Situs Inversus, J. Mich. M. Soc. 17:362 (Sept.) 
1918; Transposed Viscera, Am. J. Roentgenol. 8:385 (July) 1921. 

6. LeWald, L. T.: Complete Transposition of the Viscera, J. A. M. A. 84: 
261 (Jan. 24) 1925. 

7. Sherk, H. H.: Total Transposition of Viscera, Surg., Gynec. & Obst. 
35:53 (July) 1922. 
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Fig. 5. — Termination of thoracic duct: the duct passes upward in the 
superior mediastinum from beliind the aortic arch, behind the right subclavian 
artery; passing into the neck it curves outward, upward and to the right, 
behind the right vagus nerve, tlie right common carotid artery and the right 
internal jugular vein; it passes in front of the right subclavian artery and the 
vertebral artery and vein ; it terminates in a bulbus enlargement that empties 
into the junction of the right subclavian and the right internal jugular veins, 
lying directly in front of the medial margin of the scalenus anterior and the 
phrenic nerve. The right vagus nerve is shown retracted with the thoracic 
duct passing upward and outward between the retractors to disappear behind 
the right internal jugular vein ; its terminal enlargement and cardiac branches 
of the cervical sympathetic trunk crossing in front of the duct can readily 
be seen. 
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this condition. The European case reports usually end with the observa- 
tion that the individual was quite fit for military duty. 


ETIOLOGY 

The theories as to etiologic factors in this, condition are numerous. 
The following are some of the views that have been held : 

1. The persistence of a right omphalomesenteric vein influencing the 
shifting of the stomach to the right instead of to the left. 



Fig. 6. — Left vagus nerve and its recurrent branch; this branch arises in 
front of the left subclavian artery and winds from before backward around 
that vessel, ascending obliquely behind the left common carotid artery and 
behind the inferior thyroid artery to the groove between the trachea and the 


esophagus. 


2. The influence of the umbilical cord. In situs inversus it is wound 
spirally to the right instead of to the left. The blood column flowing in 
the reverse direction is responsible for the turning of the heart to the 
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opposite side. It is difficult to understand how the blood column in 
the umbilical vein, after passing through the liver, could exert much 
force. This theory seems utterly untenable. 

3. The turning of the embryo to the right side of the unbilical vessels 
instead of to the left as it normally lies. 

The relation of situs inversus to anomalies of the abdominal veins, 
from the etiologic standpoint, has been studied extensively b\' von 



Fig. 7. — Right vagus nerve and its recurrent branch; the latter neni-e arises 
from the vagus to the right of the aortic arch and passes backward, then upward 
behind the arch to ascend along the side of the trachea, between it and the 
esophagus. 


Werdt.® In a careful sur\'ey of a large number of case repons of situs 
inversus he noted the anomalies of the abdominal veins, and concluded 
that the embrj-ologv' of the venous system afforded no constant explana- 


8. Von Werdt, Felix: Zur Kenntnis des Situs inversus under der mit 
demselben haufig verbundenen Anomalien im Bereiche der grossen Abdominal 
venen. Arch. f. mikr. Anat. 95:37, 1921. 
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tion of the etiology of situs inversus, because most of these variations 
developed after the reversed asymmetry of the viscera had been 
determined. 

The existence of situs inversus in certein types of monsters has long 
been recognized. Morrill’s ® study .of symmetry reversal and mirror 
imaging in monstrous trout, with a comparison of a human dicephalic 
monster, is an interesting piece of work. This author has compiled six 
cases of these dicephalic monsters presenting a reversed visceral asym- 
metry of one of the components. He states that there is a general 
agreement that transposition of viscera does not occur in duplicate 
twins. The question is raised by Morrill why mirror imaging occurs 
occasionally, but not always, in certain types of monsters. 

Wilder’s investigation of duplicate twins and double monsters is 
interesting but not entirely satisfactory in an attempt to interpret the' 
results in terms of etiology of transposition of viscera. This author 
found that double monsters show all degrees of mirror imaging but that 
duplicate twins presented only vestiges of such. In a small number of 
cases investigated he found in a- majority a reversal of the index finger 
pattern. The pattern of the right index finger of twin A was the mirror 
image of the left index finger pattern of twin B. This symmetry 
reversal is emphasized as evidence of the single ovum origin of these 
individuals and interpreted as the lost trace of an earlier more general 
mirror imaging which has been subsequently outgrown. 

Newman,^^ in his study of armadillo quadruplets, found that there 
was no reversal of asymmetry of the viscera but that there is a reversal 
of the pattern in the tegumentary system. He concludes t^t there is so 
little tendency to mirror imaging in duplicate human twins and so much 
in the armadillo because the human twins become isolated at a consider- 
ably earlier period than the armadillo quadruplets. He states that the 
earlier the separation takes place the more complete is the reorganization 
of symmetry relations in the separated individuals and the less is the 
residuum of the common mirror symmetry. Double monsters begin 
to separate comparatively late in ontogeny and therefore show pro- 
nounced mirror imaging. 

These observations are of great interest but they fail to explain the 
basic cause of the situs inversus viscerum. We must pursue a more 

9. Morrill, C. U.: Symmetry Reversal and Mirror Imaging in Monstrous 
Trout and Comparison with Similar Conditions in Human Double Monsters, 
Anat. Record 16:265, 1919. 

10. Wilder, H. H. : Duplicate Twins and Double Monsters, Am. J. Anat. 3» 
1904; Morphology of Cosmobia, ibid. 8, 1908; Palm and Sole Studies, II, Biol. 
Bull. 30:135, 211, 1916, 

11. Newman, H. H.: Heredity and Organic Symmetry in Armadillo Quad- 
ruplets, Biol. Bull. 30:173, 1916. 
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Fig. 8. — Right pleural cavity and lung: the single primary oblique fissure is 
seen dividing the lung into two lobes, an upper and a lower lobe; the fissure 
extends from the upper and posterior part of the hilum to the costal surface, 
from about 5 to 6 cm. below the apex, and then continues downward and 
forward to the inferior border where it is situated about 4 cm. behind the 
anterior extremity of that border. It then extends upward to the inferior 
margin of the hilum. The right pleural cavity contained several hundred cubic 
centimeters of thick turbid pus and the diaphragmatic and costal pleurae are 
much thickened and covered with fibrinous plaques as is the interlobar visceral 
pleura, showing the suppurative pleurisy suggested in the clinical note of 
Dec. 13, 1921. 
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Fig. 9. — ^Left pleural cavity and lung; the pleura was shiny and glistening 
throughout. The arrangement of lobes and fissures is interesting: the primary 
oblique fissure extends from the upper part of the hilum to the costal surface 
at a point about 6 cm. below the apex; it extends obliquely downward and 
forward 7.5 cm. to a point on the lateral costal surface where it is joined by the 
transverse fissure; it continues its course to the inferior margin where it 
terminates 7 cm. below and behind the anterior extremity of that 'border. The 
transverse fissure commences on the anterior margin 6.5 cm. above its lower 
extremity and runs upward and outward to intersect the oblique fissure and 
is then carried laterally, incompletely subdividing the inferior lobe into a 
superior and inferior portion. This approaches the frequently recorded varia- 
tion of four lobes in the right lung. In this case the left lung shows three 
complete lobes and a fourth incomplete at the expense of the inferior lobe. 
The two additional grooves shown at the lower part of the inferior lobe are 
merely impressions that do not in any sense approach the semblance of fissure. 
The vena azygos, receiving the left superior intercostal vein, arches over the 
root of this lung. 
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fundamental search in any effort to determine the causes of this 
condition. 

Zurstrassen observed, in his studies of Ascaris megaloceplialiis, 
that in the eight cell stage one egg out of every thirty or forty showed 
the inverted situs and that four of 125 adults similarly presented reversed 
asymmetry of the viscera. He decided that the asymmetry of the 
embryo present in the eight cell stage was probably responsible for the 
adult situs inversus. 



Fig. 10. — Detailed view of left upper quadrant of abdomen or left liypo- 
chondrium: the liver, of normal size, is divided into a large left and a smaller 
right lobe by the sulcus into which passes the falciform ligament with the 
obliterated umbilical vein in its free margin. Beneath the left lobe of the liver 
lies the gallbladder and from the porta hepatis passes the lesser or gastro- 
hepatic omentum, downward and to the right to the lesser curvature, or left 
border, of the stomach, the epiploic foramen of Winslow is seen behind the left 
extremity of the lesser omentum. 

Crampton showed among certain gasteropods a correlation between 
the position of the organs and the segmentation pattern. The usual type 
of asymmetry with a dextral shell is associated with a spiral cleavage 

12. Zurstrassen, O. L.‘: Embryonal Entwickelung der Ascaris Alegalo- 
cephalus, Arch. f. Entwgkingsmechn. d. Organ S:27, 1896. 

13. Crampton, H. E. : Reversal of Cleavage in a Sinistral Gasteropod, Ann. 
New York Acad. Sc. 8:167, 1894. 
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to the right. Other forms such as Physa, however, have a sinistral shell 
with reversed asymmetry of the viscera and a reversal of cleavage. The 
first evidence of variation appeared at a late two cell stage. 

There are some observations that suggest that in the vertebrates also 
the factors for reversed asymmetry may be present in early develop- 
mental stages. 

Perhaps the most interesting investigations on the subject dealing 
with vertebrate material are those of Spemann and later of Pressler,^® 
working with Bombinator igneus and Rana esciilcnta during the neurula 
stage, they excised a square of the medullary plate with a portion of the 
primitive foregut and rotated it 180 degrees so that the original cephalic 
end was placed caudad. A number of these embryos developed with a 
complete situs inversus. 

Levy,^® working with Triton taeniahis, tried to rotate the heart 
anlage in a like manner to produce situs inversus but failed because he 
was unable to isolate it. ' 

The question of what determines the normal asymmetry must be 
solved before we are in a position to attack the problem of etiology of 
reserved asymmetry of the viscera. From the investigations quoted it 
seems probable that such asymmetry is not primarily the result of local 
variation, but is due to factors operating 'at an early ontogenetic period. 

We are still in doubt regarding the etiology of this condition, with 
a number of interesting lines of investigation suggested. 

The case presented here was discovered in the dissecting room. In 
subsequently tracing the body it was found that the condition had been 
recognized and studied by the clinicians in a. hospital of this city, so 
we are fortunatel)’’ able to present a rather complete history. The con- 
dition is a complete transposition with a variation in the genito-urinary 
tract, a fused kidney situated entirely in the left umbilical and lumbar 
regions. The two components of this double organ are easily recognized 
and the ureters pursue a relatively normal course after passing over the 
pelvic brim. 

REPORT OF CASE 

C. T., a man, aged 24, born in Italy, was admitted Nov. 25, 1921, and died 
Jan. 3, 1922. The final diagnosis was bronchopneumonia, nephroptosis and 
transposition of the viscera. The chief complaint was that he had had indigestion 
for eight months. 

14. Spemann, H. : Ueber eine neue methode der Embryonal’s Transplanta- 
tion, Verhandl. d. deutsch. Zool. Gesellsch, 1906; Ueber Embryonale Trans- 
plantation, Verhandl. d. Gesellsch. deutsch. Naturf. u. Aerzte, 1906. 

15. Pressler, K. : Beobachtungen und Versuche fiber den Normalen und 
inversen situs viscerum et cordis bei Anurenlarven, Arch. f. Entwcklngsmechn. 
d. Organ. 32:1, 1911. 

16. Levy, Oskar: Entwicklungsmechanische Studien am Embryo von Triton 
Taeniatus, Arch. f. Entwcklngsmechn. 20:333, 1906. 
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The patient had been well until the onset of the present illness. The past 
history was negative aside from chancre three years before. After each meal 
he had distress and an uncomfortable feeling in the epigastrium and gaseous 
eructations. He had no pain and did not vomit. He had lost weight, and came 
to the hospital because of acute indigestion. 

Physical examination showed a poorly nourished adult, not acutely ill. The 
eyes and ears were normal, and the mouth, aside from bad teeth. There was 



Fig. 11 . — ^Mesenteric root with the ascending and transverse colons retracted, 
extending from duodenojejunal junction at level of second lumbar vertebra to 
right of midline, downward to left iliac fossa where terminal ileum is seen 
emptying into cecum from right to left. 


asymmetry of the ribs. Chondrosternal junction did not correspond on the 
two sides. There was retraction of the supraclavicular and the infraclavicular 
spaces. Expansion was normal, equal and symmetrical. The lungs were 
resonant throughout. Breath sounds were normal. The voice and tactile 
fremitus were normal. No rales were heard. 
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Fig. 12. — Spleen occupying right upper quadrant or right hypochondrium 
lying below dome of diaphragm on tenth, eleventh and twelfth ribs. The spleen 
is in all respects normal, presenting a large gastric surface which supports the 
right extremity of the posterior surface of the stomach. The splenic flexure of 
the colon is just visible below the spleen ; the descending colon is seen extending 
through the right lumbar region to the iliac fossa where it becomes the iliac 
colon. The sigmoid colon, shown in part, is not much over 20 cm. in length 
and has a relatively short mesocolon; it passes into the rectum from right to 
left. The right lumbar region with the small bowel retracted reveals no 
evidence of a right kidney. 
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In the right fifth interspace the apex was felt 7 cm. to the right of the 
midline. The first sound at the apex was of good quality and regular in force 
and rhythm. There were no murmurs. The pulmonic second sound was 
greater than the aortic second. The pulse was regular in force and rhythm. 
The systolic blood pressure was 112, the diastolic 70. The arterial walls were 
not palpable. 

The liver was on the left side, the upper border at the fifth rib; the lower 
border was not felt. The stomach percussed in the right side; the spleen and 
the right kidney were not felt. In the left lower quadrant, in the region of the 
kidney, there was a mass that resembled kidney in size and position; it was 
movable like a floating kidney, very tender, irregular in outline, nodular and 
did not move with respiration. The abdominal walls were lax. The extremities 
were negative. Reflexes were diminished. The right testis was lower than 
the left. 

The provisional diagnosis was congenital transposition of the viscera; 
floating kidney; neoplasm of the left kidney, and neoplasm of the gastro- 
intestinal tract. 


Heart Measurements in Centimeters 


Intercostal Right Midsternal Left Midsternal 

Space Line, Cm. Line, Cm. 

2 4 2 

3 : 6.5 - 3 

4 6.5 4 

5 7.5 


Roentgenograms could not be obtained, but the reports are submitted as 
follows : 

November 29, there was noted complete transposition of the viscera; exam- 
ination of the chest showed moderate emphysema. November 30, examination 
of the genito-urinary tract revealed no calculus in either ureter. There was 
some enlargement of the right kidney, and it was moderately ptosed. 

November 30, fluoroscopic examination showed the position of the heart to 
be entirely transposed. The cardiac axis had normal curves, the normal left 
curves on the right and the normal right curves on the left. No examination 
of the inner cardiac curves was made. The shape was normal, and there was 
no definite enlargement. The aorta was normal. The measurements were: 
maximum transverse, 11.5 cm.; total length, 13.5 cm.; angle of inclination, 41 
degrees ; broad diameter, 8.9 cm. ; width of aorta, second rib, 4.1 cm., and width 
of pulmonic field, 26 cm. 

December 2, examination of the gastro-intestinal tract showed complete 
transposition of the viscera. The stomach was on the right side of the 
abdomen. There was no defect in the gastric outline. The bulbus duodeni 
was filled with difficulty but completely. No gastric retention was noted at 
the end of six hours. The head of the column was in the cecum, the tail in 
the ileum. A twenty-four hour examination showed the head of the column 
in the rectum, the tail in the cecum; haustration was deep and regular; the 
appendix was visualized 1 inch (2.5 cm.) long, extending inward, and was not 
tender. There was transposition of the gastric and the gastrocolonic mass in 
the lower quadrant. 
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December 6, a cystoscope passed without difficulty. ' The bladder was 
emptied of 9 cc. of pale amber urine. The ureteral . orifices were . normal in 
position' and in appearance, the openings being very small. The bladder texture 
was normal throughout. Both ureters were catheterized, pale, amber urine 
being obtained on the left side and a smaller quantity, slightly blood tinged, 
returned from the right. Six milligrams of phenolsulphonphthalein intravenously 
injected appeared on each side in three minutes. The specimen was colored 
for ten minutes. A double pyelogram was made. 

A mass in the left upper quadrant just lateral to and above the umbilicus 
was quite freely movable, shaped like a kidney and rather painful on pressure. 
No kidney pain was felt in the loins. There were no. urinary symptoms and 
no hematuria. The impression was that the left kidney was movable, and that 
there was transposition of the viscera. 



Fig. 13. — ^The left iliac fossa revealed the cecum with an appendix a little 
above and behind in the retrocolic position; the appendix grossly was quite 
normal. Above and behind the appendix and the ascending colon was a large 
dense mass measuring about 10 cm. in diameter, adherent to the overlying 
viscera and underlying iliac fossa by dense scar tissue; lying directly beneath 
the abdominal operative wound, this mass had evidently been the objective of 
the exploratory operation described in the clinical record of this patient. 

The pyelogram showed an opaque catheter present in the left ureter, 
extending upward and outward from the level of the third sacral segment 
to a point about 1 cm. above the iliac crest and 7.5 cm. from the midline. The 
tip of the catheter entered the pelvis from the outer side. There was marke 
distortion of the pelvis and the calices. The pelvis was divided into upper an 
lower arms from the extremities of which spring the minor calices. 

December 13, at operation a vertical incision 6 cm. long was made through 
the left rectus abdominis. The ascending colon was found misplaced inwar 
and the omentum was adherent to the large mass under the colon and to its 
outer side. The posterior peritoneum was opened exposing this mass an 
revealing a fused kidne 3 ' with the right kidney calices pointing to the leit 




Fig. 14. — ^The dissection exposing the genito-urinary system was difficult 
because of the dense scar tissue resulting from the operative procedure and 
the inflammatory process before and after. The dissection was done retro- 
peritoneally, an attempt being made to preserve carefully the overlying peri- 
toneal structures intact. The renal mass, or fused kidney, consisting of two 
apposed kidneys each with its own ureter, is shown; the entire lobulated mass 
measured about 12 cm. in longitudinal and transverse diameter and 4.5 cm. in 
anteroposterior diameter and was situated in the left iliac fossa, extending fi'om 
a little to the right of the midline to within 3 cm. of the iliac crest. The right 
kidney was closelj' imposed on the left, occupying the right superior aspect of 
the fused mass with its hilum in front and to the left. The left kidney, some- 
what larger, occupied the left and inferior aspect of the mass with its hilum 
to the left and in front. The right ureter springs from three major calices 
at the hilum of the right kidney, lying in front of the right renal vein and 
artery. Commencing at the midline of the body, it passes downward and to 
the right over the body of the fifth lumbar vertebra," directly in front of the 
right iliac vein, and over the pelvic brim, down the right lateral pelvic wall 
to terminate at its usual site. The left ureter springs from four major calices 
at the hilum of the left kidney, lying to the outer side of the left iliac fossa. 
The ureter is ventral to the various vascular structures that enter or leave the 
hilum. It passes over the inferior pole of the left kidney, crosses the external 
iliac vessels, passing over the pelvic brim down the left lateral wall of the 
pelvis, is crossed by the ductus deferens, and terminates also at its usual site. 



Fig. IS. — ^Vascular pedicle of fused renal mass showing inferior vena cava, 
abdominal aorta and various renal vessels ; the inferior cava is seen' lying to 
the left of the vertebral column formed by the confluence of the right and the 
left iliac veins; the abdominal aorta, bifurcating at the level of the body of the 
third lumbar vertebra and its two terminal iliac branches, is seen to the right 
of the cava. The following arrangement of the vascular structures of the renal 
mass is to be noted: 

Veins: From the left kidney there emerges (a) a rather large vein 
from the hilum passing over the lower pole to empty into the left internal 
iliac or hypogastric vein, shown as the lower vessel in the illustration; 
(b) a large, short, thick trunk which empties directly into the inferior vena 
cava; the torn vein and its orifice into the vena cava can be seen; (c) from the 
lower pole of the right kidney, a vein passes upward and to the right of the 
fused renal mass to join with a large vein formed by two tributaries from the 
ventral aspect of the upper poles of both right and left kidneys. This trunk 
after receiving two or three lumbar veins passes behind the aorta at its 
bifurcation on the body of the third lumbar vein and empties into the inferior 
vena cava. 

Arteries: (a) the abdominal aorta just before its bifurcation gives off a large 
renal artery that goes to the upper pole of the renal mass giving branches that 
end at the hilum of each kidney; (b) the left iliac artery sends a good sized 
branch to the dorsal aspect of the left kidney; this divides into two large 
branches which eventually reach the hilum, one, the posterior aspect, and the 
other, the anterior aspect, passing over the upper pole on the way; (c) the 
right iliac artery sends a small, short, thick trunk to the lower pole and hilum 
of the right kidney. 
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and the kidney body lying over the lumbar vertebrae. To this was attached 
the left kidney, about twice the size of the right and extending to the left with 
its calices pointing to the right. The body of the left kidney was readily freed. 
Three vascular pedicles were found, the first under the hilum, behind the 
pelvis, the vessels arising at the level of the fourth and the fifth lumbar 
vertebrae. The third vascular pedicle descended from about the second to the 
third lumbar vertebra between the fused convex borders of the kidneys. In 
this pedicle the vein lay in front of the artery. 

Focal suppuration was found in the lower pole of the left kidney. The 
kidney parenchyma and the pelvis were carefully explored for tuberculosis 
and tumor. A cigaret drain was inserted down to the point of focal 
suppuration. 

December 13, in the right axillary space there was dulness, increased voice 
and diminished fremitus. Subcrepitant rales were heard in the anterior 
axillary line. In the posterior axillary line breathing was bronchial though 
slightly distant. The impression was that the patient had pneumonia with 
extension to the pleura. Thoracotomy was advised if the temperature continued 
to fluctuate. 

The patient died, Jan. 3, 1922, three weeks after the operation, death being 
due to sepsis, with localization of suppuration in the fused kidney and a large 
collection of pus in the right pleura. 
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THE MECHANISM OF LOCALIZATION OF GAS IN THE 
PLEURAL CAVITY AND ITS CLINICAL APPLICA- 
TION IN PNEUMOTHORAX THERAPY* 

RAPHAEL A. BENDOVE, M.D. 

SAXATORIOXI, COLO. 

Thoracoplasty has rightly been considered as a further development 
of artificial pneumothorax in the surgical treatment of pulmonary tuber- 
culosis, the prime purpose of each being to put the diseased lung at 
rest. However, in the light of our newer understanding of the locali- 
zation of gas in the pleural cavity with relation to the diseased and 
nondiseased portion of the treated lung, thoracoplasty cannot be con- 
sidered to parallel artificial pneumothorax in its mode of action and 
ultimate effect. In one class of cases at least the action of artificial pneu- 
mothorax, if administered in the proper way, is unparalleled by any 
other method; it enables the complete compression of the diseased 
portion without affecting the functioning portion of the treated lung. It 
is best accomplished in persons with a soft lesion of the exudative type of 
pulmonary tuberculosis limited to one area of the lungs which is more 
or less free from pleural adhesions. 

This gas distribution in the pleural cavity is based on definite bio- 
physical laws and principles of pneumodynamics and should be made 
use of in every case treated with artificial pneumothorax. A clearer 
understanding of these pneumodynamic principles would probably lead 
to a wider application of artificial pneumothorax in early cases of pul- 
monary tuberculosis before the lesion becomes far advanced, when this 
therapy, as well as thoracoplasty, is but an ameliorative measure. 

MECHANISM OF GAS LOCALIZATION IN PLEURAL CAVITV 

The elastic tissue of the lung, like any other elastic substance, 
possesses both an expansile and a contractile force. Both these forces 
come into play in the physiologically functioning lung, which is kept 
expanded in the air tight pleural cavity by virtue of the difference 
between its intrapleural and intrapulmonary pressures to which it is 
subjected. The intrapulmonary surface is e.xposed directly to the atmos- 
pheric pressure through its air passages, whereas the rigid wall of the 
thorax transmits only very little, if any, of the atmospheric pressure to 
its pleural surface, and the easily distensible alveoli yield therefore 
to the atmospheric pressure, putting the entire lung on a stretch. The 


* Read in abstract before the Denver Sanatorium .Association. November, 1925. 

* From the Jewish Consumptives’ Relief Society Sanatorium. 
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intrapleural pressure is therefore equal to the atmospheric pressure 
minus the tension of the expanded lung. 

Any force that increases the intrapleural pressure curtails the expan- 
sion of the lung, this curtailment being directly proportional -to the 
difference between the intrapleural and intrapulmonary pressures. Air 
introduced into the pleural cavity naturally increases the intrapleural 
pressure, but as long as this pressure is below that of the intrapulmonary, 
the expansibility of the lung will assert itself with each inspiration. When 
the intrapleural and the intrapulmonary pressures are equalized, both 
the contractility and expansibility of the lung tissue are in a state of 
equilibrium. 

In my article on the classification of artificial pneumothorax and the 
clinical value of the several types ^ I discussed in detail how pathologic 
processes may diminish either the expansibility alone or the contrac- 
tility alone, or both of these properties might be lost at the same time. 
In atelectasis the expansile force of the pulmonary tissue is reduced, 
and the contractile force is present. In hypertrophic emphysema the 
expansibility is present but the contractility is diminished. In caseous 
areas of the lung both the expansile and contractile properties are lost 
entire ; consequently such tissue will yield easily to any external pressure 
to which it might be subjected. Fibrous tissue possesses intrinsic con- 
tractile power to some degree, but it is very resistant to external forces. 
However, once compressed it will never tend to reexpand. A tuber- 
culous lung almost always exhibits all these pathologic processes in 
various proportions. 

When a small amount of air is introduced into the pleural cavity 
containing a tuberculous lung free from adhesions it will distribute 
itself according to the degree of resistance offered to it by the various 
portions of the involved pulmonary tissue. The caseous soft areas are 
the first to cave in, the edematous and slightly infiltrated tissues follow, 
whereas the uninvolved elastic lung tissue expands fully with each 
inspiration and displaces the introduced gas into the area left by the 
compressed inexpansible diseased portion. Since the upper lobe is 
affected in the great majority of cases of pulmonary tuberculosis, an 
erroneous impression was gained by some that gas introduced into the 
pleural cavity will always compress the apex first. Such, however, is 
not the case. Due to these biophysical laws of pneumodynamics just 
explained, gas injected in small amounts will as a rule localize over 
the diseased pulmonary area, no matter where it be situated, apex, 
middle portion or base, provided no pleural synechiae are present. The 
figures illustrate these views clearly. 

1. Bendove, R. A.: The Classification of Artificial Pneumothorax and the 
Clinical Value of the Several Types, Am. Rev. Tuberc. 10:540 (Jan.) 1925. 



Fig. 1.- 


Fig. 2. — Pa1 
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Fig. 3. — Chest of patient shown in figure 1 in inspiration nine days after 
initiation of pneumothorax ; the diseased upper portion is compressed, and the lower 
functioning portion expands and contracts with the respiratory phases. 



Fig. 4. — Chest of patient shown in figure 1 in expiration nine days after 
initiation of pneumothorax. 
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Fig. 6. — Patient shown in figure 5 in inspiration twenty-four hours after intro- 
duction of 300 cc. of air ; the compressed diseased basal area and functioning upper 
portion of the left lung should be noted. 



Fig. 7. — Patient shown in figure S in expiration twenty-four hours after intro 
duction of 300 cc. of air. 
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which brings about a better ventilation of the lung, as will be discussed 
later. 

Figures 5, 6, 7 and 8 illustrate the same pneumodynamic principles, 
though here the lesion is at the base. Figure 5, a roentgenogram taken 
one day before pneumothorax was initiated, shows a dense confluent 
shadow involving the entire lower third of the left lung. This was 
interpreted as a soft basal lesion. Three hundred and fifty cubic centi- 
meters of air was introduced and roentgenograms, both inspiratory and 



<e 


Fig. 8 . — ^Patient sljown in figure 5 three luontlis after initiation of pjieunio- 
thorax; the gas localized mostly over the diseased basal portion, compressing it 
completely; the upper functioning portion expands with each inspiration. 

expiratory, were taken a few hours later. The air is seen to be local- 
ized mostly over the diseased basal area, the size of which changes 
little with the respiratory jihases, whereas the upper functioning i)or- 
tion of the lung expands and contracts with each inspiration and expira- 
tion. Figure 8 is a roentgenogram taketi about three months after the 
commencement of pneumothorax therapy, and shows the lower diseased 
portion compressed almost completely, while the upper unaliected por- 
tion is e.xpanded almost fully during inspiration. 
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Figures 9, 10 and 11 bring out the fact clearly that when the lesion 
s disseminated throughout and affects the entire lung there can be no 
cahzation of gas over one area, but the introduced gas distributes 
itse« equal y from apex to base, provided there are no aLsioi tS 
prepneumothorax roentgenogram shows a marked infiltration of the 
entire left lung. The roentgenograms taken a few hours after the 
mtroduction of 300 cc. of air show the air to be distributed equally 
from apex to base, and there is no appreciable change in the extent, of 



Fig. 9. — Chest showing dense infiltrations of entire left lung. 


the collapse in either inspiration or expiration, because in this case 
the entire lung lost a great deal of its expansile property. 

The expansibility of the lung tissue asserts itself only as long as the 
intrapleural pressure remains lower than the atmospheric pressure, but as 
soon as the intrathoracic pressure approaches that of the intrapuhnonary 
pressure, the expansile force of the lung is put, as it were, in a state 
of equilibrium. Consequently, when the intrapleural pressure becomes 
higher than the intrapuhnonary pressure it will not only inhibit the 
expansibility of the lung, but it also actively compresses it, the degree of 
compression bearing a direct relation to the increase in positive intra- 
pleural pressures. The localization of the gas in such cases is governed 
by different dynamic laws, as wdll be indicated subseauently. 



Fig. 10. — Patient shown in figure 9 in inspiration twenty-four hours after 
introduction of 300 cc. of air. 



Fig. 11. — Patient shown in figure 9 in e.xpiraiii n iv.c:'.:y-f< 
introduction of 30U cc. of air: ihe even distriLutii.n of g;is 
without change in in.spiration <. r expiration should !«: noted. 
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EFFECT OF HIGH INTRAPLEURAL PRESSURES ON PATHOLOGIC 
. AND ANATOMIC LUNG TISSUE 

The difference in consistency between pathologic and normal ana- 
tomic lung tissue is another fundamental principle influencing the 
localization of gas in the pleural cavity. Soft and edematous lung tissue 
contains little air, and it requires but little compression to render such 
tissue entirely airless, reducing it to a solid mass, until 'it reaches the 
limit beyond which it cannot be compressed any more. The volume 



Fig. 12. — Confluent infiltration and cavitation of upper third of right lung. 


of functioning lung tissue, like a sponge, consists of a great deal of air 
enclosed in its alveoli, and therefore when it is rendered into an airless 
and solid mass by high intrapleural pressure, it is reduced to a much 
smaller volume than diseased tissue would be under the same force of 
compression. This is why the older observers of pneumothorax thought 
erroneously that healthy lung tissue becomes more easily compressed 
than diseased tissue, because they administered large amounts of a^ 
creating a positive intrapleural pressure, often as high as -j-dO + w 
mercury. Figures 12, 13 and 14 serve as a clear cut illustration in this 

respect. 


Fig. 13. — Patient shown in figure 12 after development of right spontaneous 
pneumothorax ; intrapleural pressures at this time were + 30 + 70 mm. water 
manometer ; the lower nondiseasecl portion of the lung has been reduced to a lesser 
volume than the upper diseased portion. 



pjg 14 , Patient shown in figures 12 and 13 twcnty-» i:c ila\, aiur t;;c n- 

taneous pneumothorax; intrapleural pressures were — j-U— 3i) !3’.!:i. v.atcr 
ometcr; there is ree.xpansion of the lower fur.ctii iiing u i>f ihe 
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^ The prepneumothorax roentgenogram is shown in figure 12 revea 
mg a massive confluent infiltration of the upper third of the right lun< 
If a small amount of air were introduced into this pleural cavity lea\ 
mg the intrapleural pressures negative, it should have localized itself ove 
the diseased area, according to the pneumodynamic principles explains 
previously. However, the diseased portion would soon reach its liini 
of compressibility, and if a larger amount of air were administered 
it would naturally affect the nondiseased portion of the lung, com 



Fig. 15. — Patient shown in figures 12, 13 and 14 in inspiration three months 
later; the upper diseased portion, which is markedly compressed, and the lower 
functioning portion, which expands to almost full capacity with the respiratory 
phases, should be noted. 

pressing it more the higher the intrapleural pressure created. Figure 13 
exemplifies this view. It is a roentgenogram of the same patient as 
shown in figure 12, taken twenty-four hours after the development of 
spontaneous pneumothorax. The intrapleural pressures at this time 
were + 30 + 70 mm. water manometer. The lower nondiseased portion 
of the lung has been reduced to a lesser volume than the upper diseased 
portion of the lung. Twenty-one days later another roentgenogram was 
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taken (fig. 14) which shows a com2)Iete reexijansion of the lower 
unaffected portion of the lung. The intrapleural pressures at this time 
were — 60 — 30 mm. water manometer. Since then he has been given 
refills in the amounts of 400 to 500 cc., leaving the intrapleural pressures 
always negative. Figures 15 and 16 are roentgenograms of the same 
Ijatient taken three months later in inspiration and e.xpiration, respec- 
tively. The upper diseased ijortion is markedly compressed, showing 



Fi'tr. 16. — Patient siiuwn in fiKurcs 12, 13 and 14 in e.xpirati'ni lliree nionili-, 
later. 

little changes with the respiratory jthases, whereas the lower iiou- 
disea.sed portion of the lung expands and c<nitracts fully with each 
inspiration and expiration. 


INSUrt'I.ATKU A.^tOL^\T.S WITH KEI-.\TIO.X TO OlSICASEIi A.\'D 
.VO.NmSICASEO I'OKTIOX Ol' 

Barlow and Kramer,- in a remarkable contribution on artiilciai j»i’.en- 
mothorax, have drawn attention to the fact that gas ituroduced into tlie 
plenral cavity will tend to localize over the di.-'easefl pention of the lung, 
and they called this idienomenon ‘‘.selective collaj).-.e.” However, it i- 


2. Harlow, X., and Kramer, IJ. : Selective Collaji-e t'r.der I'.irnal 
thorax, Am. Rev. Tulierc. 6:75 ( April J 1*.I22. 
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obvious enough that the name is only apt to mislead; the gas has no 
predilection for the diseased tissue but distributes itself according to 
e existing pneumodynamics. It is the expansile portion of the treated 
lung that IS more resisting to low pressures by virtue of the atmos- 
pheric pressure to which its intrapulmonary surface is subjected and 
this expansile portion drives and keeps the gas over the diseased area. 
But when the amount of air introduced into the pleural cavity is too 
large to be contained in the space left by the contracted diseased portion, 



L/..--. ' 'll 

Fig. 17. — Patient shown in figure 1 five months after initiation of pneumo- 
thorax; 400 cc. were inflated at this time; there are compression and complete 
obliteration of cavity of upper lobe, and the lower functioning portion expands 
to its full capacity pushing its way into space left by the compressed area. 

it will naturally encroach also on the functioning portion, and the 
greater the amounts of gas administered the more will this expansile 
portion be limited in its function. 

Only careful and frequent roentgenoscopic observations will give 
one a fair idea of the amount to be inflated in order to keep the diseased 
portion compressed without affecting the functioning portion to a great 
extent. Figure 17 is a roentgenogram of the same patient as shown in 
figure 1, taken five months after the initiation of pneumothorax. The 
amount of air given at the last refill was 400 cc., and the intrapleura 
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pressures were — SO — 30 mm. water manometer. From the roent- 
genogram one can observe that the 400 cc. has occupied wholly the 
space left by the contracted diseased portion, leaving the lower func- 
tioning portion of the lung almost unaffected. At the next reinflation 
900 cc. was given, and the effect on the functioning portion of the lung 
is clearly noticeable in figures 18 and 19. The expansile portion of the 
lung has been reduced to more than half its size during inspiration and 
to almost its minimum during expiration, whereas the contracted dis- 
eased portion has not been affected at all b}' this large amount of air 



Fig. 18. — Patient shown in figure 17 in inspiration after the inilation of !yi<0 cc. 

and high intrapleural pressure. In other words, 400 cc. was enough to 
keep the diseased part at rest without affecting the noiidi.seased j)ortioii 
of the same lung; each 100 cc. e.xceeding these 400 was of no apijareut 
therapeutic value, but curtailed the function of the expansile portion 
and thereby decreased the vital capacity of the patient, which in turn 
brought on dyspnea. 

Obviously, it is the relation of the insufflatory amounts to the e.xteiit 
of the functioning portion of the lung that determines the localizati.'U 
of the gtis. Any undue increa.se in the amounts inflated fetter-, nl-o ti;e 
function of the expansile ])ortion; the greater this fttnctiojiing j.. rti- n 
is the .smaller are the amounts to he admini.-tered. and vice ver.-a. 




384 


ARCHIVES OF SURGERY 


Furthermore, in measuring the intrapleural pressures at various 
levels, I found it much higher over the compressed diseased portion 
than the expansile portion, in the inspiratory phase only. This means 
that the functioning portion of the treated lung expanding fully during 
inspiration leaves the pleural pressure almost at its physiologic nega- 
tivity, whereas the small amount of air caused to accumulate over the 



Fig. 19. — Patient shown in figure 17 in expiration, after the inflation of 900 cc. 
In figures 18 and 19 the reduction of the lower functioning portion to half its size 
during inspiration and to the minimum during expiration should be noted; the 
compressed diseased portion was not affected at all; there was marked displace- 
ment of the mediastinum. 

diseased portion increases the intrapleural pressure at that area. Only 
by small insufflatory amounts given at frequent intervals can this 
phenomenon be demonstrated. 

CIRCULATORY CHANGES AND COMPENSATORY E^IPHYSEMA 

The various circulatory changes resulting from the deflation of one 
lung and the value of observing these changes in regulating the inter- 
vals and amounts of gas to be inflated into the pleural cavity, as well 
as their significance in the prognostication of the case treated, has been 
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discussed in another article.^ However, I want to emphasize here that 
the compensatory ability of the right ventricle assists a great deal in 
keeping the functioning portion expanded and in the production of 
compensatory emphysema also in the contralateral lung. 

The sharp distinction between compensatory emphysema and hyper- 
trophic emphysema should always be borne in mind. In hypertrophic 
emphysema the pulmonary capillaries are thinned out because of the 
overdistention of the elastically weak alveolar walls, whereas in com- 
pensatory emphysema the distention of the alveoli is a result of the 
overfilling of the pulmonary capillaries. When the pulmonary capillaries 
are compressed in one area of the lung, the blood is necessarily diverted 
to the other pulmonary capillaries, and if the right ventricle compen- 
sates well, it drives the same amount of blood per same unit of time 
through a lesser capillary bed, which naturally occasions an overfilling 
in each pulmonary capillary. This overfilling of the capillaries which 
surround each alveolus brings about an overdistention of the func- 
tioning alveoli. 

Yates, ^ in discussing the existence of an air cell-capillary gear, points 
out that the air cells and capillaries are not only intimately associated 
functionally but also closely related physically, and if tortuous capillaries 
are straightened and elongated by increased unit volumes of blood, the 
walls of corresponding air cells are carried with them and inllation 
results. This has been proved experimentally by surrounding a dis- 
tensible elastic bag with empty rubber tubes and filling these tubes with 
fluid, which will cause a distention of the elastic bag. By ligating one 
pulmonary artery in an animal a marked compensatory emphysema in 
the contralateral lung results. The same has been observed clinically 
in cases treated with artificial pneumothorax. 

The development of compensatory emphysema will take place also 
in the functioning portion of the treated lung, provided the intrapleural 
pressure does not exceed the pulmonary intravascular tension, and the 
more slowly the collapse is produced the easier it is for the right heart 
to compensate, keeping the pulmonary circulation more comi)eteni, 
which insures a better oxygenation and ventilation of the lung, as c:in 
be studied by frequent spirometry. 

CHANGES IN VIT.XL CAPACITY 

The vital capacity modifications during the course of artificial inieii- 
mothorax treatment are very characteristic, and careful periodic >})iro- 
metry affords a great deal of information about the re.-piniiory 

3. Bemlove, R. : The Cirajl.'iti.ry Changes in .-Xnincial I’la-i::’.:. li. r-i.-;. 
Am. Rev. Tnberc. 12:107 (Oct.l 102.=:. 

•1. Yates, J. L.; The Sisniticance m* Vital Vaiiacity in Ii.tratl; r..c:c Ti c:. 
.-Vrch. Snrir. 10:477 (Jan.) l''2.=:. 
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recuperation of the lungs and how to regulate the insufflatory amounts 
In an article on this subject = I discussed lengthily the mechanism and 
the factors modifying the vital capacity and indicated the clinical and 
prognostic value in the collapse therapy. Suffice it to mention here 
that the vital capacity in cases treated with expansile pneumothorax is 
not reduced much throughout the ’treatment. There is never a quan- 
titative relation between the amount of air introduced into the pleural 
cavity and the reduction of the vital capacity. For instance, if the vital 
capacity is 2,500 cc. before inflation, it will be about 2,300 after the 
injection of 500 cc. of air into the pleural cavity, i. e., a reduction of 
only 200 cc. in the vital capacity, though 500 cc. was given. This is 
explained by the fact that the residual air of the functioning portion 
of the treated lung is expelled with each deep expiration, becoming an 
integral part of the vital capacity. The participation of the residual 
air in the vital capacity explains why patients treated with artificial 
pneumothorax of the expansile type are less dyspneic than other tuber- 
culous patients with the same low vital capacity. 

In cases in which the low vital capacity is due not to anatomic extent 
of the lesion but to severe toxemia caused by this lesion, it might even 
increase after the establishment of pneumothorax of the expansile type, 
as it was demonstrated in the following case : 

The patient was very dyspneic on admission, had high fever and marked 
general malaise. The vital capacity was 1,600 cc. Physical and roentgenologic 
examinations revealed an extensive basal lesion of the exudative type in the right 
lung. After initiation of pneumothorax therapy the condition remarkably 
improved. The pneumothorax was of the expansile type. Three months after 
initiation of pneumothorax therapy, the patient had been practically symptomless 
and her vital capacity was 2,100, an increase of 500 cc. Frequent roentgenologic 
observations showed the diseased portion completely compressed, while the upper 
lobes continued to expand and contract with each respiratory phase. There is no 
doubt that the low vital capacity prior to the pneumothorax was due to the 
severe toxemia, but after the abatement of all the toxic symptoms during this 
therapy, the vital capacity returned to its physiologic point. However, if large 
amounts of air were introduced compressing also its functioning portion of the 
treated lung, the vital capacity would have remained greatly reduced. 

It is obvious enough that the greater the extent of the expansile 
portion of the treated lung, the less the vital capacity is reduced, and 
vice versa. 

CLINICAL CONSIDERATIONS 

Because of the pneumodynamic principles just discussed, gas intro- 
duced into the pleural cavity can be made to localize over the diseased 
portion of the lung, provided no adhesions exist and the gas is gi' en 
in the proper amounts. It is to be remembered that we administer gas 

5. Bendove, R. A.: The Vital Capacity in Artificial Pncumo*hora.x. Arch. 
Int. Med. 36:94 (July) 1925. 
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not with the purpose of compressing the ejifirc lung, but to keep the 
diseased portion alone at rest. It is out of the scope of this article to 
go into a discussion whether the benefit of pneumothorax therapy is 
due only to the rest of the diseased lung or also to certain immunologic 
reactions that might follow the collapse. This htis been discussed fully 
in another article f and a theory was advanced to explain why healing 
at times takes place by resolution instead of fibrosis in cases treated with 
the expansile type of pneumothorax. 

However, it is to be emphasized that it is possible to keep the dis- 
eased portion compressed without curtailing all the function of the unin- 
volved part of the same lung. Of course, when the entire lung is 
aflfected no expansile type of pneumothorax can be expected, but when 
only a portion of the lung is involved the expansile type of pneu- 
mothorax is the treatment of choice. 

The amount of air to be given at initial inflation should never exceed 
one-seventh the vital capacity of the [xitient ; the subse([uent refills 
should be guided not only by the vital capacity but also by the principles 
of gas localization outlined above. No generalization as to tlfe ainoimt 
of air to be given can therefore be made, but each case should be indi- 
vidualized, depending on the extent of the involved and uninvolved por- 
tions of the treated lung. These can be accurately studied only by 
frequent roentgenoscopic examinations. 

Furthermore, the insufflatory amounts and the intervals at which 
they are to be given differ often even in the same pensun. Frequent 
physical examinations, roentgenoscopic observations, si)irometry and 
careful study of the circulatory changes are the best criteria bow to 
modify the refills. The amounts may vary from 2C0 to -100 cc., anti 
the intervals from five to ten days the first few months. It is to be 
remembered always that the gas is given with the purpose of keeping 
the diseased portion alone compressed, and only by fretinent refills in 
small amounts can the gas localization be brought about. 

The patients successfully treated with the expansile type ni i)nen- 
mothorax are usually young persons with a soft or exudative type of 
lesion of not very long duration, the pleura of which is free fn'in 
adhesions. Such patients usually have a good cardiac reserve and the 
elasticity of their lungs is at its best, leading to a development of com- 
pensatory emphysema which assists in better ventilation »)f the hmg, 
preventing undue dysjjnea. 

Complications, particularly pleural el'lusions, seem to he much le-^ 
frequent in cases treated with this type of .artificial jmeinniiiliorax. 
However, no definite statement can .as yet he made in thi-. re'j.ict. 
Further observations .are necessary. 

6. Ikaulove. R. : Resolutinu :iml Ucaliiii; in Piihr.. nary .M J 

& Record 121 :3t'. (.Ian. 7) V>25. 
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BENDOVE—GAS LOCALIZATIOS JX PLEURAL CAUlTr m 


culosis usually manifest themselves clinically early in their evolution, 
in their first or second stage of anatomic involvement, and the treatment 
of choice is the expansile type of pneumothorax, which effects a com- 
plete compression of the diseased portion without reducing verv much 
the function of the nondiseased portion of the treated lung. 

A comparison of figures 1 and 17, two roentgenograms of the .^ame 
patient, one taken prior to initiation of pneumothorax and the other 
taken five months later, shows the remarkable result obtained by the 
expansile type of pneumothorax. The cavity has become obliterated 
and the entire lesion has been compressed and reduced to its minimum. 
The same results were obtained in the basal lesions, as seen from com- 
parison of figures 5 and 8. This could never have been accomplished 
by thoracoplasty, even if the entire length of the ribs was removed. 
Furthermore, the nondiseased portion of the treated lung was affected 
only slightly, its ventilatory function becoming at times even more 
efficient, as was discussed fullj"^ in considering the circulatory clianges 
and the vital capacity. 

Thoracoplasty has been considered as the ultimum refugium treat- 
ment in pulmonary tuberculosis; still the modern thoracic surgeon 
hopes — and perhaps rightly so — “that the specialists in tuberculosis 
will soon refer for surgery many patients whose disease is tar less 
advanced than are those who are at present being operated upon,” • 
and any one will endorse the following statement of Graham ■' in regard 
to thoracic surgery: 


In the future it will unquestionably be matle safer by belter uiulersiaiulin;.; of 
the physiology and pathology involved, by a more precise drawing of «i)erative 
indication, and by a closer cooperation between the internists and surgetiiis, which 
will permit the carrying out of operative procedures at a time when they may 
prove of real benefit with a minimum risk instead of I>eing Ia>t re?ori!, in 
patients who are already nearly dead. 


Artificial pneumothorax, rightly belonging to the domain of thoracic 
surgery, though because of the long jjeriod of time its application 
requires it is considered as a "medioxil” treatment, is still lor*keil on by 
many as a last resort measure in the treatment of pulmonary tuber- 
culosis. In view of this newer understanding of the mechani.-'in anil 
effect on the diseased and nondiseased lung tissue, pnetimothora.x, par- 


ticularly of the e.xpansile type, should be recognized as tlie treatment ot 
choice in the exudative type of pulmonary tuberculosis, and is to be 
administered as early as jtossible. It throws little burden ' n the 
respiratorv function of the contralateral lung; it eftect> conij>!ete ci in- 
pression of the disea-^ed portion without curtailing the fui:crii-n of tia- 
nondiseased portion of the treated lung: it makes little dein-u-d i n ti.e 


S. Cniham. K. -V- : 
(June 23) 1923. 


Kiceiit I’iia'v.s Ilf Tla racic >i:rstr.>. J- M- 
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cardiac reserve; it reduces the vital capacity but little, if any, and 
the gradual development of compensatory emphysema in the function- 
ing portion of the treated lung replaces and fills the hemothorax gradu- 
ally without causing any deformity. A slight or even moderate 
involvement of the contralateral lung is not a contraindication for this 
therapy, because in this type of pneumothorax little extra demand, if 
any, is made on the respiratory function of the other lung, 

CONCLUSIONS 

The difference in the elasticity of the diseased and nondiseased lung 
tissue as well as the difference in the intrapulnionary and intrapleural 
pressures make it possible for the introduced gas into the pleural cavity 
to localize itself over the diseased portion without curtailing much of 
the function of the unaffected portion of the treated lung, provided 
the amounts administered are small and are given at frequent intervals. 
These pneumodynamic principles should be made use of in every case 
treated with artificial pneumothorax ; they are best applied, however, in 
cases of the exudative type of pulmonary tuberculosis of not very 
long duration which are free from pleural adhesions. In such cases 
pneumothorax therapy is not to be considered as a last resort measure, 
but as the treatment of choice, as it offers a more speedy and more 
complete anatomic and functional recovery. 

These pneumodynaraic principles of gas localization cannot, as a 
rule, be applied in cases of the productive or proliferative type of pul- 
monary tuberculosis, because such cases usually run a mild clinical 
course, and when they begin to manifest severe symptoms they are 
usually far advanced and marked pleuritic adhesions are present, ren- 
dering a therapeutic pneumothorax inapplicable. In such cases thoraco- 
plasly is the indicated treatment provided the contralateral lung is in 
good condition. 

A slight or even a moderate involvement of the other lung is not a 
contraindication for artificial pneumothorax of the expansile type, 
because the function of the undiseased portion of the treated lung is 
not curtailed much, and little demand is made for extra respiratory 
function on the other lung. The insufflatory amounts in such cases 
should vary from 200 to 400 cc. of air and the intervals from five to 
ten days. No generalization can be made, but each case is to be indi- 
vidualized, depending on its vital capacity and extent of involved and 
uninvolved portions of the treated lung. This can be studied only by 
frequent roentgenoscopic observations and periodic spirometry. 



INVOLUTIONAL OR REGRESSIVE CHANGES IN THE 
THYROID GLAND IN CASES. OF EXOPH- 
THALMIC GOITER 


AND THEIR RELATION TO THE ORIGIN OF CERTAIN OF 
THE SO-CALLED ADENOMAS* 

WILLIAM FRANCIS RIENHOFF, JR., M.D. 

BALTIMORE 

INTRODUCTION 

Nearly a century has now passed since Robert Graves * in IS35 
first described the clinical syndrome that at present bears his name and 
characterized this disease as being due to an hypertrophy oi* the thyroid 
gland. The first descriptions of the histologic changes occurring in 
hypertrophy and hyperplasia of the thyroid gland were made in I 1 SM 6 by 
Horsley - and in 1896 by Halsted,^ when they reported the compeii.-atory 
changes occurring after partial thyroidectomy in animals. Greenfield ‘ 
in 1893 expressed the belief that certain specific changes occurred in the 
structure of the thyroid gland in exophthalmic goiter and this has been 
confirmed by many observers, most notable among whom are Lewis,' 
MacCallum,® Hanseman,^ Lubarsch,® Ewing," Wilson,'" MacCariy " 
and Kocher.'- 

The studies made by these observers have been so detailed and com- 
plete that little new has been added to this subject in recent years, and 
the histologic changes occurring when the thyroid gland undergoes 
hypertrophy and hyperplasia, whatever the degree, are today fairly well 

*From the Department of Surgery of Johns Hopkins University, 
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understood. It is now a well recognized fact that there exists, clinically 
different degrees of hyperthyroidism, from the most mild to the most 
severe; the latter syndrome usually comes under the classification 
of exophthalmic goiter. The clinical course of the cases of exoph- 
thalmic goiter also varies to a great extent; for instance, the most 
severe or fulminating cases have, as a rule, a relatively acute onset 
followed by a short, unremitting course of the disease which, if allowed 



Fig. 1 (case 1). — One of a series of sections of excised right lobe before invo- 
lution or administration of iodine, under low power (40 mm. lens) ; classical 
histologic structure of extreme hypertrophy and hyperplasia seen in a typical case 
of exophthalmic goiter; marked increase in parenchyma and decrease in colloid 
spaces; fibrous tissue increase plain in lobulation of gland; some lobules made up 
entirely of small acini. 

to progress untreated, ends in death in a large percentage of the cases. 
In the less severe cases the clinical course consumes a great deal more 
time and is attended with one or more remissions and exacerbations even 
though it remains untreated throughout its course. 



RIEN HOFF-EXOPHTHALMIC GOITER m 

In the more mild cases of h3’perthyroidism not severe enough to lie 
classified as exophthalmic goiter the occurrence of remissions and 
exacerbations is of still greater frequency. In all instances of hyper- 
trophy and hyperplasia of the th3'roid gland whether pathologic or 
physiologic, remissions and exacerbations occur, with the exception of the 
acute fulminating cases of exophthalmic goiter mentioned above, in which 
remissions do not occur. In general there is a definite jjarallelisni 



Fig, 2 (c,isc 1). — Figure 1 under higher niagnificatiuu (X ITu) : dd.iiid -.i-- 
sels, lymph and hlood in siroma. very active hyperimpliy ami I’.yperiil.i-i.s ..! 
epithelium re.adily seen: .acini empty e.xcept fur clear, !l^. 

mottling of epithelium and vesicular cluracter nuclei are evident ; i 
thrown up in folds like i)apilliimas ; cidKiid ni>t ahutiing I'li epiti'-ehuni. 


between the severity of the clinical course aiul the lii't< I' .;;c 
observed, although in some clinicallv typical cases ilie micn-'Ct i 
of the thvroid gland is a snurce uf great sur])ri>e ctml 'uijiict tu 
extensive v.'iri:itit)ns. The re.'tih i> iltat inaii\’ diiierc!!! cl.s" 


ci'.;ii'.ge' 
;c - 



archives of sorcery 

tave been made for the various microscopic alterations observed but 

siSca“L!” ^ 

In the past a detailed study has been made of the changes in the 
istologic structure of the thyroid gland resulting from all degrees of 
hypertrophy and hyperplasia, from the most simple type observed in 



Fig. 3 (case 1). — Typical section of series made of entire gland of case 1 
(40 mm. lens) after administration of iodine for three weeks; striking con- 
trast to figure 1 is seen although from same patient; colloid spaces are in great 
predominance over strikingly decreased amount of parenchyma; this represents 
the average degree of involution occurring jn the gland of this patient. 


puberty and compensatory hypertrophy to that occurring in the most 
extreme hypertrophy and hyperplasia of exophthalmic goiter. However, 
the changes in the histologic structure of the thyroid gland during a 
clinical remission or resulting from involution of the gland have not 
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been considered at all in the human being, and only slightly in animals. “ 
The reasons for this are quite obvious, for until recent years there has 
been no method at hand which enabled an e.vaminer to decide whetl'.er 
a patient was beginning an exacerbation or a remission. The persona! 
equation entering into the clinical interpretation varied far too much fur 
any dependence to be put in this method of classification. It is siow 



Fiff. -1 (case 1). — Figure 3 after .'«Imim\trati* n of i .'Iiee, ui.'Ier 
cation (176 nnn. Icn.s) ; acini nu»rc re.iiul.ar in >ha;)c .ilih ,:.'.;’- 
of infolding epillicliuin .still persi.st; acini dattened <>nt fr^ ni ii.crc-i-c'l 
oi colloid: cpitliclinni in figure 4 as ci-inp.ircd ’.viili figure 2 ir„r'i.i I : 

in figure 4; acini completely filled with c\eul>' >!a:i:ed CoII'-id ti.!< uei 


abuts on epitlieliuin : .small areas of persistent Ir. [»er;.J.i'i.i 'em i:; 


and 4; nuclei pyknotic. 



13. De Li.giieri.s. punted by K>'Ciie.'', '1 
William.s, W. The Iselati* :i ot F-di: 

.■\rch. Int. .Med. 1:.)4'a.1.S4 (.M.iyi l'-is‘. 
ii\en Kropf prviplul.ise ( lli''.< I. a:c ■:er 
terimg), .Arch. f. 5;h:i. 0:ir. K. ;.arc"!._ 


.; lirit. .M. J. J. I'v . 

e l.i li-.e .'s'tru.ture 
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recognized tJiat the determination of the basal metabolic rate over a 
period of time of sufficient length affords an excellent index of the 
activity of the thyroid gland so that at present a method is available 
which makes possible the approximate standardization and registration 
of the degree and amount of hyperactivity or hypo-activity of the thyroid 
gland. This not only eliminates the error of personal equation of the 
examining clinician but also on the part of the patient. Again, a spon- 



Fig. 5 (case 1). — Large section of gland of patient 1 showing areas of hyper- 
involution, under very low power (Xl6) ; these areas are confined to a lobule com- 
pressing the parenchyma in the periphery of the lobule; the areas resemble colloid 
cysts and colloid adenomas; none of these areas were present in any sections of 
the gland previous to the involution as a result of the administration of iodine; 
the involution of the gland about these areas was of average degree for the gland 
as a whole. 

taneous remission as a rule occupies a long period of time and when 
completed approximates to a greater or less degree the physiologic 
status of a normal individual and the histologic structure of a normal 
thyroid gland. So that an examination of the histologic structure of 
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the thyroid gland at any one point during a remission does not osier an 
opportunity to study the microscopic changes that have occurred in tiiat 
gland concomitant with the clinical remission. This is due, of course, 
to a lack of knowledge of the microscopic appearance of (he thyroid giand 
before the onset of the remission. Plainly for these reasons, it lias been 
impossible in the past to note the microscopic alterations in the thvroi«l 
gland due to the changes of involution. With the rehitroductioii of 








Fit?. t> (case 2). — Gl.iiiiJ before invoIuu’oJJ or aif»i!r.!'ir..l!i :i of ; I:;.;- ■ 
typical section oi scries of upper iRirtion of ri.eLt KIa; i:;c!;:'l;:..; r;.-:.'. r 
typical e.\oi»litlialmic hyi»crirophy aiul liypcrpi.a.'ia. 

iodine in the treatment of exophthalmic goiter a naiia i! i.f pr'-.': 
a precipitous clinical reini'Sion was oht:iit;e<l. 'ihe !;;<■«' 
fulminatitig cases t)f e.xojdithalnr.c gutter c*'Uld l e tra:.':- in;< I 
period of fn'in iwu tiJ six weel..' into a clirnc.il ci n : 

cases, a])proximaieil laninal or. at .'s state ■>! a .vry 

livjierlhvroidiMU. ’] hi> < li'ir\ .jt:' :i !;a'> l ecu Ui.-'-'e ta. _• 
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reported.^ By means of standard doses of iodine, together with the 
control of the period of time over which it was given, with frequent 
determinations of the basal metabolic rate, one was enabled to divide 
the clinical remissions into different periods of completion. 



Fig. 7 (case 2). — Section after involution had occurred from iodine adminis- 
tration (X40) ; comparison should be made with figure 6; this figure represents 
the average degree of involution for this case, seen in the gland as a whole; 
some asymmetry of the acini ; interacinous stroma quite delicate and epithelium 
much flattened so that nuclei stand out on stroma; evenly stained colloid com- 
pletely filling acini ; no vacuoles. 


14. Plummer, H. S., and Boothby, W. M. ; The Value of Iodine in E.voph- 
thalmic Goiter, J. Iowa S. M. Soc. 14:66 (Feb.) 1924. Starr, P, ; Wolcott, H. P., 
and Means, J. H. : The Effect of Iodine in Exophthalmic Goiter, Arch. Int. Med. 
34:355-364 (Sept.) 1924. Thomas, H. M., and Rienhoff, W. F., Jr.: Iodine in 
the Treatment of Hyperthyroidism, South. M. J. 19:87 (Feb.) 1926. Rienhoff, 
W. F., Jr.: Histological Changes Brought About in Cases of Exophthalmic 
Goiter by Administration of Iodine, Bull. Johns Hopkins Hosp, 37:285 (Nov.) 
1925. 
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METHOD 

To determine the clianges occurring in the histologic structure of the 
thyroid gland which accompanied a clinical remission an examination of 
the miscroscopic structure of the thyroid gland before the onset of the 
remission was made. This was accomplished by selecting a series of 
seven cases of acute fulminating exophthalmic goiter of short duration 
in which no spontaneous remission had occurred and also in which no 
form of iodine or treatment of any type had been administered. These 



Fig. S (case 2), — Section across entire lobe of patient 2 under very low 
power (X 16) after involution to show asymmetrically placed hyperinvoluted 
areas that occurred in gland during involution; these resemble colloid 
adenomas, histologically, the remainder of the gland around these areas 
undergoing the average amount of involution; no such areas were present in 
large portion of gland removed before iodine administration. 

cases were also selected from a larger group because, following the 
administration of iodine in each, there was established a typical artificial 
clinical remission to a condition closely approximating normal. In each 
of these cases careful clinical and laboratory examinations on admission, 
including two basal metabolic rate estimations, revealed the fact that 
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they all presented a clinical picture of a typical case of extreme exoph- 
thalmic goiter with their basal metabolic rates varying from 60 to SO 
per cent above normal. It is not thought necessary to describe the clinical 
signs and symptoms of this series except to state that the thyroid gland 
in each seemed to be increased two or three times in size above normal, 
was soft and vascular, thrills and bruits occurring at all four poles. 



Fig. 9 (case 2). — ^Figure 8 under higher power (X^O) showing histologic 
details of hyperinvoluted areas; compression of tissue at periphery; localized and 
encapsulated dilated colloid acini; same microscopic picture observed in many 
areas of the gland after involution; the gland in the adjacent regions is under- 
going the average amount of involution. 

The glands were diffusely enlarged throughout and in them no nodules of 
any size could be palpated.^® Under local anesthesia a large portion of 
the entire right lobe including all of the right upper pole of the thyroid 

IS. A preliminary report of this study was published in Bull, Johns Hopkins 
Hosp. 37:285 (Nov.) 1925. 
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gland was excised before treatment was instituted. This portion of 
tlie gland was then fixed immediately at the operating table in different 
fixatives, namely, Zenker’s solution with 10 per cent formaldehyde, 
Zenker’s solution, Bensley’s acetic-osmic bichromate solution containing 
osmic acid solution, 2 per cent, glacial acetic acid, 1 grain, and potassium 
bichromate solution, 2.5 per cent. Large and representative serial 



Fig. 10 (case 3). — ^Typical picture of exophthalmic hypertrophy (X40); 
lymphocytic infiltration, absence of colloid, and characteristic section of large 
portion of right lobe excised before administration of iodine should be noted. 


sections were obtained from this excised portion by cutting them trans- 
versely across the entire block of tissue. The sections varied in thick- 
ness from five to ten microns. The circulation through the remainder 
of the thyroid gland was disturbed as little as possible. In this manner 
a careful and detailed study was made of the microscopic appearance 
and the histologic structure of the thyroid gland in an acute case of 
exophthalmic goiter at the height of the disease and before any 
treatment was administered. These patients were then given a com- 
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- day, for periods 

varyu^ from two to four weeks and observed continuously during the 
attamrstratton of the iodine. The estimation of the bai metaLe 
rates were raorded frequently, eveiy five days. In all cases a defin U. 
dm, cal rem.ss.on was established, the patient improving remarkably 
and the basal metabolic rates fell well below 20 per cent above normal. 



Fig 11 (case 3). — Typical amount of involution occurring in gland as a whole 
after administration of iodine (X40); slightly more than usual vacuolization ; 
some infolding of epithelium; according to Aschoff’s and Kocher’s terminology, 
this would be called either struma diffusa colloides macro follicularis proliferans or 
struma colloides Basedowiana; some acini are larger than others and distention 
of these has thinned the walls. Comparison should be made with figures 10 
and 11. 


Operation was then performed on these patients, at which time a double 
partial lobectomy of the thyroid gland was done. These specimens were 
immediately fixed as above noted and again serial sections were cut from 
all portions of the gland removed. Thus, an opportunity was afforded 
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to compare the Iiistologic changes in the thyroid gland observed at the 
height of the disease with the microscopic alterations occurring in the 
gland concomitant with a clinical remission. As the histologic structure 
of the several glands of this series showed the same alterations and 
changes before and after the remission and involution, they will be 
described collectively as a group of cases rather than individually, thus 
obviating needless repetition. In order to demonstrate the full extent 



Fig. 12 (case 3).— Gland after involution of iodine (X 80) ; area of hyper- 
involution that is beginning to be demarcated from the rest of the gland by 
involuting more completely than the average amount throughout the gland; com- 
parison should be made with figure 10 ; vacuolization of the colloid at one point 
opposite one side of the middle acinus where there is proliferation of the 
epithelium on the one side only seems to bear out Aschoff’s idea of there being 
a germinal center in each follicle which is the center from which new acini 
develop ; however, in the light of figure 10 we know that this stage is less active, 
histologically and clinically, and instead of being, as one would suppose if only 
this section were obtained without a previous standard for comparison, a point 
of beginning proliferation it is one of the last dying embers of proliferation. 
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of the histologic transformations during the involution, and also to 
show the microscopic appearance of the type of thyroid gland existin<r 
m this series before the involution occurred, a full description of the 

hypertrophy and the hyperplasia occurring in the thyroid glands of these 
cases is given. 

GROSS AND MICROSCOPIC APPEARANCE OF THE THYROID GLAND 
AT THE HEIGHT OF THE DISEASE ’ BEFORE THE INVOLU- 
TION ESTABLISHED BY THE ADMINIS- 
TRATION OF IODINE 

Gross Appearance . — ^The tissue was soft and elastic, very vacular 
and had the typical raw beef appearance so often observed in exoph- 
thalmic goiter. On palpation it imparted a characteristic gland like feel, 
entirely devoid of any areas of increased or decreased density. The cut 
surface was coarsely and finely lobulated and somewhat granular in 
appearance. As a whole, the tissue was of uniform opacity and little 
or no colloid could be observed. 

Microscopic Appearance . — Everywhere the gland was divided into 
lobules by a fibrous tissue stroma that was definitely increased above nor- 
mal although relatively delicate. This stroma divided the lobes into lobules 
which in turn were redivided by the intralobular septums, the latter 
surrounding completely the follicles or acini. Occasionally large bands 
of scar tissue traversed the gland, regardless of its lobulation. Through- 
out the interlobular and intralobular stroma many dilated blood and 
lymphatic vessels occurred which were distinguished mainly by the con- 
tents of the former. The most striking characteristic of the microscopic 
picture of exophthalmic goiter is well shown in figures 1, 2, 6 and 10; 
namely, the marked predominance of the parenchyma and the equally 
pronounced diminution of the colloid. There seem to be two types of 
hypertrophy and hyperplasia of the thyroid gland which, in this series 
of cases, were about evenly distributed throughout the gland; that is, in 
some areas one encountered lobules made up purely of small round 
acini containing practically no colloid, or if any, at the most a mere drop. 
The small acini were closely packed together, being held by a very, 
delicate stroma through which coursed many dilated blood vessels. The 
more developed of these smaller acini seemed to occur toward the 
center of the lobule, the younger ones being arranged in the periphery 
(fig. 1) . The epithelial cells in these small acini were so closely arranged 
that their apexes abutted on each other (fig. 19). The other types of 
hypertrophy and hyperplasia referred to were the larger lacelike papil- 
lomatous acini which were very irregular in shape and uniformly larger 
in size (figs. 1, 6 and 10). In some lobules the two types of hypertrophy 
were present together and in this event the larger lacelike acini, as a rule, 
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were in a more central situation with the smaller acini toward the 
periphery. The colloid was very scant and in many acini totally absent; 
when present it stained very poorly, being shreddy, granular, vacuolated 
and watery-like in appearance (figs. 1, 6 and 10). The vacuoles, as a 
rule, were interposed, between the central portion of the colloid and the 
edges of the epithelium. The papillomatous infolding of the epithelium, 
in the majority of these larger acini, almost completely filled the lumen 



Fig. 13 (case 3). — Area of hyperinvolution in large colloid cyst developing 
during involution (X40) ; flattened epithelium lining cyst which contains 
densely stained colloid without any vacuoles ; compression of tissue about cyst 
■evident; development of capsule from intralobular and interlobular stroma is 
shown, also flattening of small peripheral acini. 

SO that the spaces available for the collection of colloid appeared as mere 
slits in the lobules (fig. 1). Occasionally acini were found which con- 
tained large numbers of desquamated epithelial cells and red blood cells 
(figs. 1, 6 and 10). 
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The epithehum differed slightly in the large and small acini but on 
the whole showed the same fundamental changes. In the larger acini 
the epithelial cells were tall, columnar cells and very active in appear- 
ance (fig. 2). These cells stained lightly and contained large vesicular 
nuclei which were situated at the base of the cells. The contour of the 
cell, besides being columnar, was somewhat barrel shaped, being convex 
at the apex and along the sides, the cells seeming to bulge with their 



Fig. 14 (case 4). — Areas of hyperinvolution that had resulted in the formation 
of two large colloid cysts (X 16) ; this is a very low power photograph ; these areas 
developed during involution. The histologic appearance and microscopic 
structure of the thyroid gland of patients 4 and 5 before involution were similar 
in all respects to those of patients 1, 2 and 3 ; therefore it was not felt necessary 
to print them. 

contents or presecretion bodies. The cytoplasm contained numerous 
mitachondria which did not appear to have any special polarity but were 
diffusely scattered throughout the cell. They occurred in rods of differ- 
ent lengths and shape. The chromophobe vacuoles were numerous and 
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Stood out because of the inability to stain them. They seemed to be 
situated in a fine, granular network of cytoplasm which took a faint pink 
stain. Colloid droplets were not infrequently observed; they were 
usually situated in the apical end of the cell or alongside the nucleus, 
being best seen with Bensley’s mitachondrial stain or neutral gentian 
violet. It would seem that these colloid droplets were much more scarce 
in the very active gland. The nuclei contained a fine chromatin network 



Fig. IS (case 4). — ^Areas of extreme hyperinvolution termed in this study as 
the third type that approximates degeneration (X 67) ; inequality in size of acini, 
extreme involution of epithelium and pyknotic nuclei ; disintegrating acini, with the 
result that small clumps of epithelium are deposited in the abundant stroma; the 
stroma here is partly made up of colloid which has escaped from the acini due 
to this disintegration: this type of disintegration is frequently seen in areas of 
extreme involution. 

with granules and from one to three nucleoli. Frequent mitotic figures 
were seen. In the smaller acini, the epithelial cells were not, as a rule, 
as high as the columnar cells of the larger acini but were more square 
in shape, being a rather low columnar cell. Otherwise, these cells did not 
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-diifer materially from the high columnar cells. Occasionally, a marked 
disparity was observed in the size of the nuclei of the small acini. In 
these sections, shown in figures 1, 2, 6 and 10, there are minor variations 
in the height of the epithelium, the size and the shape of the acini and 
the density and amount of the colloid, but as a rule the process of 
hypertrophy and hyperplasia is a diffuse, fairly uniform one. 

MICROSCOPIC CHANGES IN THE THYROID GLAND CONCOMITANT 
WITH AN ARTIFICIAL REMISSION RESULTING FROM THE 
ADMINISTRATION OF IODINE: INVOLUTION OF THE 
THYROID GLAND IN EXOPHTHALMIC GOITER 

Gross Appearance . — ^The thyroid gland in the gross was, much 
changed. The surface instead of being smooth presented nodules and 
elevations varying from 0.5 to 3 or more centimeters in diameter. The 
gland seemed to be definitely less mobile in the neck in all directions, 
being bound down by periglandular adhesions^^ The normal fascial 
cleavage was disturbed and to a great extent abolished. The vascularity 
seemed definitely decreased, both arterial and venous. The gland itself 
was much more difficult to mobilize at operation and seemed to be more 
brittle and stiff, having lost to a great extent its elasticity. The capsule 
seemed bulging with the, contained lobulated parenchyma and definitely 
thickened. On section the cut surface of the gland was glary in 
appearance, and from it a clear lymphlike fluid dripped, suggesting that 
there was obstruction to the flow of lymph in the gland — a backing up of 
the lymphj due to an interference with the free outflow. Cystlike areas 
that seemed to be filled with fluid and also dilated, localized areas of col- 
loid could be noted in the gross (fig. 20) . Besides these there were areas 
with a smaller amount of colloid which were more opaque and somewhat 
granular, appearing as elevated areas of parenchyma on the cut surface 
and giving one the impression of small adenomatous areas. 

MICROSCOPIC APPEARANCE AFTER INVOLUTION HAS OCCURRED AS 
Aj result of IODINE ADMINISTRATION AND AN 
ARTIFICIAL REMISSION 

The sections showed the most striking alterations when compared to 
the microscopic sections of the gland before iodine was administered 
(figs. 3, 4, 7, 11 and 12). The connective tissue elements were markedly 
increased in not only the interlobular and intralobular stroma or septums 
but also in the scarring throughout the gland. In some instances, this 
approached a true sclerosis of the gland. By far the most striking an 
significant change observed was the increase in amount of colloid an 
the definite change in its character. After iodine it was more heavi y 

and uniformly stained, homogeneous, distending the acini to their capacity 
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and in some instances even beyond this capacity. There were still to be 
found areas of vacuolization of the colloid but in a far less marked 
degree than before iodine was given (fig. 11). The acini were much 
more regular in shape and size, being ballooned out as it were by the 
colloid until, to a great extent, the histologic picture of the normal gland 
was approximated, at least as near as it is possible for a thyroid gland to 
approximate normal, having once been the seat of hypertrophy and hyper- 
plasia. The small, as well as the large, acini contained the same type of 
colloid. Some infolding of the epithelium was present, but this was much 
less marked and these occasional sprigs and mounds of epithelium 
remained as evidence of the involution of a previous hypertrophy and 



Fig. 16 (case 5). — Section across entire portion of base of right lobe which 
contains two large colloid cysts that were developed during involution and could 
be palpated clinically before operation (X 10) ; however, before the administration 
of iodine or the completion of involution there were no such areas demonstrable 
either clinically or microscopically. 

hyperplasia of the parenchyma. The lobulation of the gland was not quite 
as evident because of the distention of the acini and the stretching with 
the consequent thinning out which the septums must undergo. The same 
intralobular pattern of the lobule or division into acini was present, the 
smaller ones situated more peripherally and in some instances completely 
compressed or flattened. The blood vessels and lymphatics were much 
less apparent, being partially occluded and collapsed in the interlobular 
and intralobular septums by the pressure resulting from the marked 
increase in colloid. The epithelium lining the acini showed most extraor- 
dinary alterations when compared with the epithelium lining the acini in 
the glands before iodine was given. Figures 1 and 3, 2 and 4, 6 and 7, and 
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ig. 17 (case 5). Section taken through margin of colloid cyst shown in 
, sure 16 (X 16) ; average amount of involution of gland as a whole can be seen 
in tissue adjacent to the colloid cyst; compression of parenchyma and flattening of 
peripherally placed acini due to pressure of cyst against the intralobular and inter- 
lobular stroma, which is progressing to the formation of a capsule; cyst lined 
with flattened epithelium. 


truded beyond the cytoplasm like the pearls in a pearl necklace. Tlie 
cytoplasm was much diminished in amount and the nucleus made up the 
main portion of the cell, so that one may say that as far as the epithelium 
was concerned the thyroid gland, during involution generally or diffusely, 



RIENHOFF— EXOPHTHALMIC GOITER 


411 


undergoes more complete involution at certain points than at others. 
The tendency in general was toward complete involution and the epi- 
thelium approximated very closely the type of epithelium one sees in 
the simple colloid goiter. The shape of the cells also differed from that 
of the gland of an uninvoluted exophthalmic goiter, in that they were 
shrunken in appearance, the lateral walls and apexes being concave instead 
of convex. They seemed to have rid themselves of their intracellular 
contents and gave the appearance of a resting or inactive cell. The ends 
of the cells abutted on the colloid in the majority of acini; occasionally, 
however, a small number of clear vacuoles were interposed between 
the colloid and the apexes of the epithelial cells. The cytoplasm stained 
a more even pink and had lost entirely the mottled appearance seen in 
the exophthalmic goiters before iodine was given. No chromophobe vacu- 
oles were observed and the cytoplasm seemed to contain many finely 
divided granules which were distributed evenly and diffusely throughout 
the cell. The mitachondria were much reduced in number and instead 
of appearing as rodlike structures were broken up into small' granules 
which were also distributed diffusely throughout the cytoplasm with no 
especial polarity. Little difference could be ascertained in the number 
and size of the colloid droplets. With Bensley’s method of staining for 
mitachondria these colloid droplets took on a rather green stain, and 
seemed to be situated in the apical end of the cell, near the nucleus, as a 
rule. The nuclei were very pyknotic and shrunken. The nucleoli were 
difficult to see and the chromatin granules seemed to be more numerous, 
causing the nuclei to be much more densely stained or basophilic. No 
mitotic figures were seen. The areas of lymphocytosis were much less 
frequent during and after involution and the areas that were present 
seemed to be markedly reduced in size. The general appearance of a 
section of the thyroid gland after iodine had been given, and a complete 
involution brought about, seemed to be that of a resting or inactive 
state of the epithelium which appeared in marked contrast to the previ- 
ous condition of extreme cellular activity in the same gland before the 
involutional changes had occurred. 

The foregoing description applies to the involutionary changes that 
occurred in each of the seven cases of this series of exophthalmic goiter 
during an artificial remission that occupied a period of time from ten 
to thirty days, and represents the average degree of involution that was 
observed to occur throughout the gland as a whole. For the sake of 
clearness, the degree of involution above described will be referred to as 
the normal and average amount occurring in the cases of this series, 
and the variations now to be described will be classified according to 
their relation to this average normal whether greater than normal or 
hyperinvoluted, or less than normal or hypo-involuted. 
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Fig. 18 (case 5). Section from left lobe of the gland of patient 5 after three 
weeks treatment of iodine and a complete clinical remission, showing areas of 
persistent hyperplasia of three distinct lobules (40 mm. lens) ; it is noted tliat 
the lymphocytes in these areas are pronounced; the adjoining gland can be seen 
at the periphery to have undergone the normal or average amount of involution 
occurring throughout the gland, these areas of hyperplasia persisting; from the 
area in the marked circle figure 19 is made; these areas have been described 
by various authors as miliary and diffuse adenomas; they are merely areas 
of persistent hyperplasia. 
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areas in which the lining epithelium was absent but these areas were 
probably artefacts. The epithelium was occasionajly more flattened 
and approximated the endothelial type of cell. These cysts contained a 
large amount of homogeneous, even staining colloid which abutted on the 
apexes of the epithelial cells. About the periphery of these cysts, there 
was compressed normal involuted thyroid gland tissue which in general 
was made up of flattened small acini, intralobular and interlobular sep- 



Fig. 19 (case 5). — ^Area described in figure 18 by circle under higher magnifi- 
cation (X176 mm.) ; persistent area of hyperplasia with closely packed small 
acini of the type seen in fetal and infant thyroids is shown; cells lining acini do not 
show involutionary changes and colloid is striking by its absence. 

turns (figs 13 and 17). In these the early stages of actual atrophy and 
substitution of this parenchyma by connective tissue between the cyst 
wall and the intralobular septums had not occurred, but it is believed 
•that it would occur if the element of time had been longer, resulting 
in the formation of a definite connective tissue capsule. The second 
type of hyperinvolution manifested was in localized areas of very much 
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dilated acini, filled with colloid and well circumscribed or encapsulated 
with compressed parenchyma, as well as the interlobular and intralobular 
septums; these areas were histologically indistinguishable from the 
so-called colloid adenomas (figs. 5, 8 and 9) . These areas were confined 
to one lobule and were diffusely deposited throughout the entire gland, 
no sections being entirely free of them, whereas large portions of the 
same gland, including many sections, removed before iodine was given 
or before an involution was brought about, showed no areas of this 
type. These dilated acini were so much larger than the acini of the 
average glandular tissue about the lobule that they could be seen in the 
gross (fig. 20) and appeared in all respects similar to the so-called 
colloid adenomas. The large acini themselves varied quite markedly 
in size and shape, being larger than the normal acinus but still varying 
in size with respect to each other. The epithelium was always flattened 



Fig, 20. — Gross involutional changes observed to occur following the admin- 
istration of iodine and during a marked clinical remission of a case of exophthal- 
mic goiter (X 10). 


out like an endothelial cell with the nucleus as the most prominent part 
of the cell. The cytoplasm was scant and the cytoplasmic bodies were 
difficult to see. In none of these hyperinvoluted areas were there any 
vacuoles to be seen in the colloid. The involution here caused a regres- 
sion slightly beyond normal as defined above, being manifested by the 
size of the acini, the amount of colloid and the extreme flattening and 
regression of the epithelial cells. It was a very characteristic feature 
that the interacinous stroma in these areas was quite delicate and thin, 
and confluence of these acini was not infrequently seen, probably due 
to the rupture of this delicate stroma at some point, this rupture result- 
ing, no doubt, from nutritive disturbances secondary to the marked 
distention. The involution of the parenchyma immediately surrounding 
these areas of hyperinvolution was usually typical of the degree o 
involution occurring in the gland as a whole (fig. 9). The third ° 
hyperinvolution observed to develop in this series of cases was one t a 
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far exceeded the normal amount of involution, going on to a state 
approximating a degeneration of the thyroid parenchyma and usually 
associated with both of the foregoing types, namely, the cysts and also 
tlie areas of hyperinvolution or encapsulated large dilated colloid acini 
resembling the so-called colloid adenomas. In these areas of extreme invo- 
lution, one was impressed with the abundance of the material forming the 
stroma and the paucity of the sparsely situated acini (fig. 15). The acini 
and their remnants seemed to be literally buried in the large amount of 
stroma. The latter was composed largely of colloid similar in all respects 
to that occurring in the acini and was homogeneous and even staining 
throughout. The stroma was delicate though abundant and seemed to 
be everywhere filled with this extra-acinous colloid which apparently 
had escaped into the interacinous areas as a result of the disintegration 
of the acini. The acini varied in size from that approximating the 
normal acinus of the thyroid gland down through the smaller grades to 
small clumps of epithelium consisting of two, three and four cells, 
grouped in clusters and between which no lumen could be made out. 
Occasionally, one saw single epithelial cells, while the epithelium as a 
whole, especially the number of acini, was markedly decreased per 
lobule in these areas, below the amount present in the normal thyroid 
gland. The epithelial cells in these areas were low, flat and shrunken, 
the epithelium was very inactive and seemed to be degenerating in- most 
instances; it was very granular and contained many colloid droplets. 
The nuclei were markedly shrunken and pyknotic and could often be 
seen extracellular in the stroma. It is interesting to- note that the same 
type of extreme involutional change is to be found also in the so-called 
fetal and mixed fetal and colloid adenomas, 

AREAS OF HYPO-INVOLUTION 

In the other type of involutional bodies which were mentioned, the 
'hypo-involuted areas, it was stated that there were islands or lobules in 
the glands of exophthalmic goiter which seemed to resist involutional 
changes or the factors that were efficacious in bringing about the invo- 
lution of the remainder of the gland. These areas were confined to one 
lobule, but several such areas were often encountered in one section 
and, as a rule, seemed to be diffusely scattered throughout the gland. 
About these areas a localized infiltration of the stroma with small 
lymphocytes (fig. 18) much more marked than in the remaining portions 
of the gland, occurred. These areas of hypo-involution were made up of 
small round acini closely crowded together and containing very small 
lumina, if any at all (figs. 18 and 19), with the apexes of the cells 
abutting on each other. There seemed to be such a rapid growth of small 
acini in the center of the lobule that a great deal of pressure was pro- 
duced on the peripherally situated parenchyma, against the interlobular 




Figure 22 







Figure 23 



Figure 24 


Figs. 21, 22, 23 and 24. — ^Areas of hyperinvolution that have occurred in the 
four cases mentioned in the text in the thyroid gland of patients undergoing sponta- 
neous remissions and in which a subsequent exacerbation had occurred when they 
were removed by operation (X 16) I the histologic alterations observed in these 
cases following a spontaneous involution will be seen to correspond exactly with 
the involutional changes following an artificial remission or involution. 
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scptums. It did not seem at all clear why these specific areas persisted 
as centers of active growth while the remainder of the gland underwent 
involutionary changes throughout, even in the lobules adjacent to those 
resisting involution (fig. 18). The epithelial cells of the hypo-involuted 
areas approximated closely the epithelial cell of an active hyperplasia and 
did not show the involutional changes that were observed in the epi- 
thelium in the gland about these areas. 

In figure 18 this type of parenchymatous hypertrophy may be seen 
and represents a well defined encapsulated area of persistent hyperplasia. 
All that can be said, however, in regard to these areas is that they, are 
localized encapsulated areas of hyperplasia which seemed to resist the 
involutional changes brought about in the remainder of the gland by 
the use of iodine. They do not seem to obey the laws governing the 
remainder of the gland in regard to involution. 

SPONTANEOUS INVOLUTION 

To demonstrate further the point of involution of the thyroid gland 
in exophthalmic goiter in figures 21 to 24 are shown microscopic, sections 
from four cases of typical exophthalmic goiters of more than twelve years' 
standing before operation, and in which unquestionable remissions and 
exacerbations occurred over six times, including the last exacerbation in 
each case. After each remission there was noted the appearance of 
lumps or nodules in the thyroid gland; these nodules increased in size 
over a period of years. The same involutional changes were observed 
in these cases that have been noted to have occurred in the seven 
controlled cases. The lobules containing the large dilated colloid acini 
and cysts or areas of hyperinvolution were the involutional changes that 
were established following a previous hypertrophy and hyperplasia and 
in these instances a secondary hypertrophy had been engrafted on these 
hyperinvoluted areas or lobules concomitant with the last exacerbation. 
No doubt another involution would enlarge them still more and they 
would again become Basedowified in another exacerbation. 

Clinically, these patients had t)qjical cases of exophthalmic goiter with 
the exception of the thyroid gland, which was nodular and felt as though 
it might be the seat of adenomas, in the true sense of the w'ord. The 
•changes observed in the foregoing study of the controlled cases that 
have been cited render the interpretation of these apparent clinical and 
pathologic disparities possible. We have at the same time a typical pic- 
ture, clinically and histologically, of exophthalmic goiter associated with 
areas resembling the so-called colloid adenomas but which in truth were 
not adenomas at all, but merely areas of hyperinvolution following a 
previous hypertrophy and hyperplasia of the thyroid gland, which lia 
again become involved in the current exacerbation and had again under- 
gone hypertrophy and hyperplasia in sympathy with the remainder o 
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the gland. To prove further the similarity of the involutional changes 
observed to occur in the seven cases that were controlled and those occur- 
ring .spontaneously as well as artificially following an iodine remission, 
fifty patients with exophthalmic goiter whq had received iodine were 
studied and in all these areas of hyperinvolution occurred accompanying 
a clinical remission. In five other cases which were refractive to iodine 
these involutional changes were not observed. From 1900 to 1910, in 
fifty cases of exophthalmic goiter that had an acute onset and a fulmi- 
nating course without remission, no involutional changes could be dem- 
onstrated in the entire gland, while in fifty cases of exophthalmic goiter 
in which iodine was not administered but in which there was a history 
of one or more remissions, these involutional changes were found in 
great abundance. 

COMMENT 

In this series of seven cases of exophthalmic goiter the histologic 
structure of the thyroid gland was studied before and after a clinical 
remission was established. The clinical improvement and fall in the 
basal metabolic rate during a remission was accompanied by a trans- 
formation in the microscopic appearance of the thyroid gland from that 
of an extreme hypertrophy and hyperplasia of the parenchyma to that 
of a resting or colloid state. The resting state of involution was 
characterized by: (1) increase in the amount of colloid; (2) increase in 
the connective tissue in the gland; (3) decrease in the vascularity; (4) 
increase in the size and regularity of the acini ; (5) decrease in the height 
of the epithelium; (6) decrease in the cytoplasmic bodies in the epithelial 
cells, and (7) decrease in mitosis and lymphocytic infiltration. The 
latter state was thus shown to be less active, physiologically as well as 
histologically, than the former state of hypertrophy and hyperplasia. 
This transformation was called an involution or regression of the hyper- 
plastic thyroid gland in an attempt to reapproximate the histologic struc- 
ture of the normal thyroid gland. The process of involution is, as a 
rule, a diffuse one occurring throughout the gland as a whole to about 
the same degree, except that in certain areas the involution is more 
or less complete. The average degree of involution observed to occur in 
this series of seven controlled cases and fifty other cases in which 
iodine was given has been termed the normal degree of involution 
occurring during a remission. Involutional changes, more pronounced 
or in a greater degree as well as in a less degree than normal, were 
encountered and referred to as areas of hyperinvolution and hypo-invo- 
lution. The areas of hyperinvolution or involutional bodies were divided 
into three types : first, the formation of colloid cysts ; second, localized 
and encapsulated areas of dilated colloid acini, histologically indistin- 
guishable from so-called adenomas, and, third, areas or lobules in which 
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the involution and regression had gone beyond tire average, or normal 
amount of involution for that gland to a state of degeneration, character- 
ized by a disparity m the size and paucity of sparsely situated acini in 
an abundant stroma, which was made up of an increased amount of 
fibrous tissue and an extra-acinous colloid. Histologically, the areas 
appeared very similar to the mixed adenomas or fetal and colloid 
adenomas. No evidence of the formation of new tissue could be made 
out in these areas and in the latter respect the}’- are again similar to the 
adenomatous areas named. In the tissue removed before iodine was 
given no such areas could be found. However, after involution of the 
gland had occurred these areas of hyperinvolution were abundant. The 
appearance of these specific areas simultaneous with a remission would 
seem to indicate that they had their origin in the histologic transforma- 


tion accompanying involution of the thyroid gland. For this reason 
they have been termed areas of hyperinvolution. These areas of hyperin- 
volution were found in this study to be confined usually to one lobule 
of the thyroid gland, the entire lobule being affected throughout and 
not only in one portion of a lobule ; this fact suggests strongly that the 
changes observed may have been due to a disturbance either in the lym- 
phatic drainage or in the circulation of the lobule or both. The 
epithelial elements of these areas showed the most extreme involutional 
changes and appearance of inactivity. It was pointed out that the 
localized distention of the acini by the colloid caused a peripheral pres- 
sure on the fibrous tissue envelop surrounding the lobule. Evidence 
of this pressure could be seen by the flattening of the peripherally situ- 
ated acini against the interlobular septums. Because the arteries in the 
lobule are, in the main, end arteries and also because of the rapidity 
with which the involutional changes occur (from ten to fourteen days) 
there is not time for the adaptation of the circulatory bed of the acinus 
to this marked stretching and distention. Thus, degenerative changes 


resulting from circulatory embarrassment due to this stretching and 


probably occlusion of the smaller branches, at least, are very common, 
a relative pressure anemia resulting. There were certain lobules, men- 
tioned above, of the thyroid gland in these seven cases of exophthalmic 
goiter which resisted the factors that were efficacious in bringing about 
the involutional changes in the remainder of the gland and these lobules 
have been termed areas of hypo-involution. It was pointed out that the 
parenchyma surrounding these areas of hyperinvolution and also hypo- 
involution was always fairly representative of the normal amount of 
involution occurring throughout the gland as a whole. These areas of 
persistent hyperplasia were always confined to one lobule and seemed 
to be. at the same time, areas in which lymphocytic infiltration also per- 
sisted and was most marked. They appeared to be histologically .itniilar 
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to the areas described by Ewing as “miliary adenomata.” It was not 
thought in this study, that any more could be said than that they were 
areas of persistent hypertrophy and hyperplasia which did not obey the 
laws governing the involution of the gland as a whole. In the true 
sense of the word, these areas were not adenomatous for the reason that 
the structure of the gland was maintained throughout; the general 
stimulus of hypertrophy and hyperplasia in the gland, as a whole, has 
been followed in these localized areas or lobules, and there is no evidence 
of new tissue formation. However, these areas were interesting because 
they may well serve to explain the temporary beneficial effect or remis- 
sion following the use of iodine and also why the patient, clinically, 
cannot be brought to the status of a normal individual by the use 
of iodine, always being in a state of low grade hyperthyroidism. It is 
also not felt that the areas of hyperinvolution or persistent colloid 
bodies are in any sense adenomatous and for the same reasons which 
are mentioned above, namely, because they maintain the normal histo- 
logic structure of the gland ; there is no evidence of new tissue forma- 
tion, and the general stimulus to hypertrophy and hyperplasia of the 
gland, as a whole, is obeyed in these areas. Cases are shown in this 
study which have undergone a spontaneous remission and in the glands 
of which the same type of involutional bodies have been found. Also, 
in the latter cases, there has been in a subsequent exacerbation, a rein- 
volvement of these hyperinvoluted areas in the hypertrophy and hyper- 
plasia that has occurred throughout the gland as a whole. It would seem 
only natural that, given an acinus of normal dimensions which under- 
goes marked hypertrophy and hyperplasia of the epithelial lining causing 
it to be folded in on itself with the formation of smaller peripheral acini, 
would, when ballooned out or distended with a marked deposition of 
colloid, be much increased in size. When the epithelial lining became 
infolded, the size of the follicle conformed to the size of the connective 
tissue capsule surrounding it. But the increased pressure due to the 
increased amount of colloid causes the filling up of the vesicle to the 
size of its inner or epithelial lining, thus increasing the size of the acinus, 
the lobule and ultimately the lobe and entire gland. Subsequent hyper- 
trophies and hyperplasia of the lining epithelium result in another infold- 
ing which again becomes ballooned out to a still larger dimension with 
each involution and so on, ad infinitum, so that a lobule, lobe or even a 
thyroid gland which is once the site of hyperinvolution actually grows 
in size with each subsequent hypertrophy and involution. It is very 
interesting to note that the migrating type or substernal type of exoph- 
thalmic goiter is confined entirely to this type of gland which shows 
signs of previous involutional changes. The consequent growth and 
actual increase in tissue as a result of these changes forces the gland 
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into the mediastinum. The acute fulminating cases of exophthalmic 
goiter as a rule are not substernal. 

Fifty cases of exophthalmic goiter in which iodine treatments were 
given and in which a clinical remission was established were cited and 
in all of these areas of hyperinvolution occurred. In fifty cases of 
exophthalmic goiter, from 1900 to 1910, in which the clinical course 
had been acute and unremitting, no involutional changes or bodies were 
observed. In five cases that were refractive to iodine, no involutional 
changes could be demonstrated. In all the cases of exophthalmic goiter 
in which the history of one or more spontaneous remissions and exacer- 
bations could be obtained these involutional bodies or areas of hyperin- 
volution were found in abundance. They differed in size throughout 
the same gland but in the cases that underwent a spontaneous remission 
they were definitely palpable, clinically, and were noted to enlarge with 
each exacerbation and remission. There seems to have been a steady 
enlargement over a period of years in the latter cases, in which steady 
enlargement was at times accelerated. 

If one digresses for the moment from the pathologic hypertrophies 
and considers the physiologic hypertrophies, interesting problems immed- 
iately arise, which of course will have to be investigated in great detail. 
Involution of the thyroid gland in this series of cases occurred following 
pathologic hypertrophy and hyperplasia; nevertheless, the histologic 
changes of involution would in all probability be the same regardless 
of the cause of the hypertrophy, whether it be physiologic or pathologic, 
and the microscopic structure and appearance of the thyroid gland as a 
result of an involution would be constant. So far as it is known, nodular 
goiter has not occurred in childhood before the onset of the prepuberty 
and puberty hypertrophy, that is, before 8 or 10 years of age. Follow- 
ing these physiologic hypertrophies involutional changes occur in the 
same manner as involution occurring after a pathologic hypertrophy. 
In the female, of course, there is to be added to this the pregnancy 
plus lactation hypertrophies. The greatest incidence of nodular 
goiter is between the ages of 12 and 40, or during the period of life in 
which physiologic hypertrophies most frequently occur. The milder 
degrees of hypertrophy and hyperplasia are in turn associated with less 
striking involutional changes, but the same type of involution does 
occur. In a yet incomplete study, in this clinic, of the available material 
following physiologic hypertrophies, these areas of hyperinvolution liave 
been by far the greatest factor in producing palpable nodules iti 
the thyroid gland. At present it seems highly probable that the 
majority of these nodules present in otherwise normal thyroid glands 
may have had their origin in the involution of a physiologic hypertrophy 
and are not benign neoplasms or true adenomas but areas of hyperin vo- 
lution or involutional bodies. .At the present time it cannot be stated 
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definitely until a careful investigation of the different types of nodular 
goiter that occur during this period has been made and histologically 
reclassified. This is being done at the present time, and will be reported 
later. From the evidence at present, it would seem that most of these 
tumors palpable in nodular goiters are nothing more than involutional 
bodies of the same type as have been described above, and that a great 
many, in fact nearly all of the cases of nodular goiter with or without 
hyperthyroidism which have been described as colloid adenomas, mixed 
fetal and colloid adenomas, colloid cysts, cystic adenomas and miliary 
adenomas are in no sense of the word adenomatous but the result of 
an attempt on the part of the thyroid gland, following an hyperthrophy, 
to reapproximate its normal histologic structure, namely, involutional 
bodies or areas of hyperinvolution and hypo-involution. It is not to be 
gathered from this article that all nodular goiters are involutional bodies 
because this is undoubtedly not the case ; there are, without question, true 
parenchymatous adenomas that have been improperly described as fetal 
adenomas and there also are localized areas of persistent hypertrophy and 
hyperplasia which have been described as miliary and diffuse adenomas. 
Whether or not these should be called adenomas is not certain. There 
are, too, the malignant tumors. Histologically, however, the involutional 
changes in the thyroid gland are quite as definite as the hypertrophic 
and hyperplastic changes and should be considered so. The occurrence 
of the above noted involutional bodies must in the future be taken into 
consideration and separated in the pathologic classification from true 
adenomas. For a proper comprehension and interpretation of the patho- 
logic processes which are encountered in a study of the diseases of the 
thyroid gland, the changes in the microscopic structure during involution 
and the deposition of these involutional bodies must be taken into 
consideration. 


CONCLUSIONS 

1. Associated with a clinical remission, whether artificial or spon- 
taneous, in cases of exophthalmic goiter, involutional changes in the 
histologiic’ structure of the thyroid gland occur which are just as definite 
and fundamental as the microscopic alterations occurring during hyper- 
trophy and hyperplasia. 

2. These involutional changes may be divided into three different 
types : ( 1 ) normal or average degree of microscopic alteration occurring 
throughout the gland as a whole; (2) areas of hyperinvolution, and (3) 
areas of hypo-involution. 

3. The normal or average extent of involution occurring in a case 
of exophthalmic goiter during a clinical remission represents the nearest 
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return to the normal histologic structure of the thyroid gland that can 
take place in a gland once the site of an hypertrophy and hyperplasia, 

4. The normal or average degree of involution occurring during a 
remission in this series of seven cases was characterized by: (a) 
increased amount and density of colloid; (b) increase in size and regu- 
larity of acini; (c) increase in amount of connective tissue in the 
septiuns and scarring throughout the gland; (d) decrease in size and 
height and change in shape of epithelial cells from a high columnar to a 
cuboidal or endothelial cell; (e) decrease in cytoplasmic bodies or con- 
stituents; (/) decrease in vascularity of gland, and (g) decrease in 
vacuolization of colloid and deposits of lymphocytes. 

5. Areas of hyperinvolution correspond, clinically and histologically, 
to the so-called colloid adenomas, cystic adenomas, fetal and colloid or 
mixed adenomas and colloid cysts, 

6. The areas of hypo-involution are localized encapsulated areas of 
persistent hypertrophy and hyperplasia and have been termed miliary 
adenomas by Ewing and diffuse adenomas by others. 

7. Involution of the thyroid gland occurs following hypertrophy and 
hyperplasia whether this be physiologic or pathologic. 

8. These areas of hyperinvolution and hypo-involution are not 
benign neoplasms of the thyroid gland or adenomas in the true sense 
but merely residual histologic alterations occurring during an involution 
of the thyroid gland following an hypertrophy and hyperplasia. 

9. These areas of hyperinvolution or involutional bodies may undergo 
subsequent microscopic alterations denoting hypertrophy and hyperplasia 
in sympathy with the changes occurring in the gland as a whole. Thus, 
an increase in their size may occur following each exacerbation and 
remission. 

10. In this study of the seven controlled cases these involutional 
bodies were directly observed to occur. In fifty cases of e.\ophthalmic 
goiter undergoing spontaneous remissions and subsequent exacerbations, 
the same involutional structures were observed in all degrees of develop- 
ment. In fifty cases in which iodine treatment was given areas of 
hyperinvolution occurred in abundance. 

11. The presence of new tissue formation was not found in any 
of the areas of hyperinvolution. 

12. True parenchymatous or fetal adenomas of the thyroid gland do 
occur but should not be confused with the involutional bodies that are 
not adenomas. 
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13. In order properly to interpret the many and bizarre microscopic 
alterations observed in a study of the diseases of the thyroid gland, a 
knowledge of the histologic changes occurring during involution is 
necessary. 



THE TRANSPLANTATION OF BONE 
INTO JOINTS* 

S. L. HAAS, M.D. 

SAN FRANCISCO 

Various attempts to obtain tissue culture of bone have been reported, 
but thus far there has been no convincing proof or satisfactory demon- 
stration of the growth of bone outside the body. These failures are not 
surprising when one thinks of the structure of bone with its normal 
intricate method of growth and repair in response to some physiologic 
stimulus. 

In seeking for a substitute for an artificial culture medium, it was 
thought that a joint cavity would serve the purpose and act as natural 
incubator for bone tissue. A joint cavity was selected because it was 
thought that the synovial fluid would serve as a source of nourishment 
for young growing cartilage and osteid tissue. It was also expected 
that the implanted segments of bone would produce a synovitis and that 
the excess of fluid, as well as the motion of the joint, would tend to 
keep the pieces of bone moving and prevent them from becoming 
adherent to the synovial membrane. 

It may be well to recall some of the findings of the investigations on 
the behavior of loose bodies in joints, so far as they have a bearing 
on the present experiments. Strangeway ^ believes that articular cartilage 
derives its nutriment from synovial fluid and that loose cartilaginous 
bodies not only survive in the joint cavities but also may increase in size. 

Fisher - does not agree entirely with Strangeway that the synovial 
fluid is the normal source of nourishment for articular cartilage. He 
asserts that there are two other possibilities; namely, (a) plasma 
extruded from capillaries lying in the cancellous plates abutting on the 
calcified layer, (b) plasma extruded from the plexes of vessels lying 
beneath the synovia at the margin of the articular cartilage. Fisher 
believes that cartilage cells, free in a joint, retain their vitality in almost 
every case and after a time actively proliferate. He states that the 
majority of bone corpuscles die, as do the contents of the bony spaces. 
There is never any sign of proliferation of the osteoblasts with the 

* From the Surgical Laboratory of Stanford University School of Medicine. 

1. Strangeway, S. P. : Observation on the Nutrition of .*\rticular Cartilage, 
Brit. M. J. Irddl fMay) 1920. 

2. Fisher, A. G. T. : A Study of Loose Bodies Composed of Cartilage or of 
Cartilage and Bone, Occurring in Joints, with Special References to Their 
Pathology and Etiology, Brit. J. Surg. 8:493 (.April) 1921. 
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formation of new bone. However, in case there are early adhesions 
to the synovial membrane there may be a proliferation of osteoblasts and 
the formation of new bone. 

Since the present investigation was started, Ito® has reported an 
interesting result of one of his experiments, in which he placed a seg- 
ment of bone and cartilage in a joint cavity. He found the specimen 
free in the joint of a rabbit four weeks after operation. The micro- 
scopic examination showed it to be covered by a thin layer of fibrous 
tissue. The original cartilage had maintained itself, but in certain places 
the cartilage cells stained feebly and were of lowered vitality. In other 
places there was some well maintained cartilage proliferation. The old 
bone tissue had nearly lost its bone cells but slight new bone formation 
could be seen. The bone marrow consisted mostly of fatty cells and red 
bone corpuscles. 

The negative finding of Fisher, on one hand, and the positive find- 
ings of Ito, on the other, leaves the solution of the problem of the 
growth in free segments of bone in joint cavities still unsettled. In the 
following investigation, several different principles were utilized which 
it was thought would help in the successful determination of the ques- 
tion ; instead of using a single piece of bone, several fragments were put 
together, because there is a definite physiologic stimulus for union of 
several fragments of a transplant, just as there is in the healing of a 
fracture under normal conditions. Before insertion into the joint, the 
pieces of bone were placed in a piece of thin perforated rubber tubing to 
prevent adhesion to the synovial membrane and allow sufficient nutritive 
material to pass in through the perforations. Young animals were 
selected because of the greater proliferative power of young osteoid 
tissue and the piece of bone was obtained from a metacarpal bone or 
from the upper end of the fibula of the same animal. The following 
results were obtained in fifteen experiments on dogs and rabbits, all 
performed under ether anesthesia with aseptic technic. 

PROTOCOLS 

Experiment 1 (Dog 62, eight days').— Operation— An incision was made on 
the outer side of the knee joint of the left leg, and extended inward along the 
side of the patella to the joint cavity. A second incision was made over the 
head of the fibula. A section of bone with its periosteum 3 cm. long was 
removed and broken into a number of fragments. These were placed in two 
separate pieces of thin rubber tubing tied at both ends and perforated on the 
sides. Two specimens were then dropped into the joint cavity, after which the 
wounds were closed in layers. 

3. Ito, L. R.: The Nutrition of Articular Cartilage and Its Method of 
Repair, 12:31 (July) 1924. 
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Gross Findings . — The two pieces of tubing were found adherent to t!ie 
synovial membrane. There were synechia of organized fibrin or ingrowths from 
the synovial membrane extending into the perforations in the tubing. The bone 
itself was covered by the same new membrane. 

Microscopic Findings . — ^The bone was surrounded by fibrin. The nuclei 
throughout the bone stained poorly and there was no sign of proliferation. 

Experiment 2 69, nineteen days). — Operation . — ^An incision was made 

on the outer side of the right knee joint, extending down over the head of the 
fibula. After the knee joint was opened, a section of bone with periosteum 2 cm. 
long was removed from the upper end of the fibula. The piece of bone was 
broken into several fragments which were then placed .in a piece of thin rubber 
tubing tied at both ends and perforated on the sides. The wound was then 
closed in layers. 

Gross Findings . — ^The tube was found adherent to the tissue just above the 
patella but was not surrounded by fibrous tissue. The bone appeared dead. 

Microscopic Findings . — The greater part of the bone was surrounded by 
unorganized fibrin. At one end there was some granulation tissue. The nuclei 
of the bone took a poor stain. There were no signs of proliferation or regenera- 
tion at any place. The haversian canals in some places contained red blood 
corpuscles. 

Experiment 3 (Dog 66, thirty-three days).— Operation . — ^The sjime pro- 
cedure was carried out in this experiment as in Experiment 2, with the excep- 
tion that one portion of fragmented bone was placed in the joint cavity without 
any covering of rubber tissue. 

Gross Findings . — Both specimens were found attached to the synovial mem- 
brane in the quadriceps pouch. The specimens appeared viable; the one in the 
tubing was redder than the other. It looked as though a union of the fragments 
had taken place in both segments of bone. 

Microscopic Findings . — In the pieces of bone that were in the tube many of 
the nuclei failed to stain. On the periphery there was some new bone, and in 
one place there was a bridge extending from one segment of bone to another. 
The bone about the haversian canals stained quite well and within the canals 
there were new blood vessels. The bone was surrounded by organizing granula- 
tion tissue and fibrin. The pieces of bone that were free and not incorporated 
in rubber tubing stained somewhat better than the other. At one end there 
was a large mass of cartilaginous callus and osteoid tissue (Fig- D* The 
narrow spaces contained fibrous marrow with a considerable number of marrow 
elements and blood vessels. 

Experiment 4 (Dog 62, thirty-six days). — Operation . — A piece of bone 1 cm. 
long was removed from the upper end of the right fibula and split longi- 
tudinally. The two segments were tied together with silk and dropped into t le 
knee joint on the same side. 

Gross Findings . — ^The specimen was found adherent to the synovial membrani. 
at the upper end of the patella. The bone had undergone considerable 
absorption. 

Microscopic Findings.— Tht piece of bone was encapsulated by fibrous tissue^ 
The greater number of nuclei stained quite well; some, however, took a wea * 
stain. There was no evidence of proliferation; on the contrar>, there we 
signs of absorption on the surface. 
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Experiment 5 (Rabbit A (1), thirty-seven days).— After the joint 
cavity was exposed, a segment of bone 1 cm. long was removed from a metatarsal 
bone on the same extremity. This segment of bone was fragmented and after 
being tied up in rubber tubing was dropped into the joint cavity. 

Gross Findiiiffs.— The specimen was found attached to the synovial membrane. 
There was a new tissue extending through the perforation in the tube. 



Fig. 1 (Experiment 3, thirty-three days).— Fragments of bone that were 
dropped into joint and became attached to the synovial membrane; A, new 
osteoid tissue; C, new cartilage. 


Microscopic Findings . — The original bone took a rather poor stain. Some of 
the nuclei stained better than others. The marrow space contained some fairly 
normal looking marrow cells. There was some cancellous bone surrounding the 
cortical bone that had the structure of new bone but did not take a normal stain. 
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Experiment 6 (Dog 65, thirty-seven days).— 0/>cra/jo;i.— The joint cavity was 
exposed and one set of fragments obtained from the fibula were placed in rubber 
tubing and another set without tubing were dropped into the joint. 

Gross Findings— Bo\h specimens were found adherent to the synovial mem- 
brane in the region of the subpatella fat pad. All the fragments appeared viable 
and united to one another. 

Microscopic Findings. — The two specimens were mixed in the preparation for 
staining. One of the sections showed actively proliferating bone throughout with 
a cartilaginous knob at one end. The other showed much less new bone, it being 
confined to the periphery of the bone. The bone spaces in each contained a thin 
reticulum, rich in blood vessels. 

Experiment 7 (Dog 63, forty days). — Operation. — A section was removed 
from a metatarsal bone, broken into six pieces and after being placed in rubber 
tubing was inserted into the left knee joint. 

Gross Findings. — The tubing was attached in the region of the subpatella fat 
pad, and a pannus of tissue extended through the perforations. All the fragments 
except one appeared to be viable. 

Microscopic Findings. — The majority of the fragments appeared to be united 
by new osteoid tissue (Figs. 2 and 3). Part of these fragments were composed 
of well stained tissue like regenerated bone, while other portions contained poorly 
stained nuclei. There were some separate fragments that were made up mostly 
of degenerated nuclei, only a portion on the periphery taking the nuclei stain. 
The marrow spaces of the major portion of the specimen were filled with a 
vascular fibrous marrow. 

Experiment S (Dog 64, forty-two days). — Operation. — A piece of bone was 
removed from the femur and broken into several fragments, after which it was 
placed in a piece of tubing and inserted into the knee joint. The dog opened the 
wound on the eighth day. 

Gross Findings. — The joint cavity w'as filled with clear synovial fluid. The 
tube was slightly adherent to the synovial membrane at one place. The bone 
appeared dead. 

Microscopic Findings. — There was practically a complete failure of staining 
of the nuclei of the bone. 

Experiment 9 (Rabbit A (2), fifty-six days). — Operation. — A segment of 
bone was removed from the metatarsal bone and after being tied in rubber tubing 
was inserted into the left knee joint. 

Gross Findings. — The rubber tubing was found adherent to the synovial 
membrane. The bone appeared viable. 

Microscopic Findings. — There was a large amount of cartilaginous and osseous 
callus connecting the fragments of bone. The nuclei of the original bone for the 
greater part were stainless ; only those about the periphery and the haversian 
canals stained. The marrow spaces contained in part normal marrow cells, and 
in some places fat and fibrous tissue. 

Exp.eriment 10 (Dog 63, sixty-eight days). — Operation. — Several fragments of 
bone obtained from the metatarsal bone were placed in rubber tubing and dropped 
in the joint cavity of the right knee. 

Gross Findings. — The specimen was found attached in the region of the »ub- 
patella fat pad. The bone had undergone considerable absorption. 
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Microscopic Findings. — The bone was well stained throughout and it appeared 
as though the fragments had united and that regeneration was complete. There 
were a number of giant cells on the surface and evidence of absorption. 

Experiment 11 (Dog 65, seventy-two days). — Operation. — A small piece of 
bone, the periosteum of which was partly detached, was removed from the upper 



Fig. 2 (Experiment 7, forty days). — Fragments of bone were placed in 
perforated rubber tubing and dropped into the knee joint. The tubing was 
found attached to the synovial membrane and the contained fragments were 
united by osteid callus. A-A, original bone, showing poor staining of nuclei; 
C, new osteoid callus connecting the two fragments. 

end of the right fibula. The bone was fragmented and after being placed in 
rubber tubing was inserted into the knee joint. 

Gross Findings. — The tube was found attached on the side of the quadriceps 
pouch. The bone had undergone marked atrophy but appeared viable. 
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Microscopic Findings.— The remnant of bone was encapsulated by connective 
tissue, ifost of the nuclei stained normally. The bone was evidently undergoing 
absorption, and there was no evidences of proliferation. 

Experiment 12 (Dog 67, eighty days) .—0/>cro/ioH.— A piece of bone 3 cm. 
long was removed from the left hbula and after being broken into a number of 

fragments was placed in rubber tubing and inserted into the knee joint of the 
same side. 

Gross Findings.— The specimen was found attached to the joint lining. The ' 
fragments of bone appeared alive and it looked as though they were united. 

Microscopic Findings. — There was a definite union of all the fragments. 
In the original bone the nuclei about the haversian canals and on the periphery 



Fig. 3 (E.\periment 7, forty days). — Area A-C shown in Figure 2 under higher 
magnification ; A-A, poor staining of original bone ; C-C, new well stained osteoid 
callus extending to another fragment of bone. 


stained well, while some on the interior failed to stain. There was new osseous 
callus connecting the various fragments, and in some places it was still cartilagi- 
nous. The bone spaces contained vascular fibrous marrow. 

Experiment 13 (Dog 66. eighty-eight days). — Operation . — .-V piece of bone 
3 cm. long with periosteum and endosteum was removed from the upper end 
of the right fibula; this was fragmented and after being put in a rubber tubing 
was inserted into the knee joint of the same side. 

Gross Findings . — The specimen was found attached in the region of the quadri- 
ceps pouch. One small piece was found in the rubber tubing and another piece 
was outside the tube, both having undergone considerable absorption. 

.tlieroseopic Findings . — The larger piece of the specimen was compo.sed of two 
types of bone, one that appeared to be undergoing degeneration and absorption 
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and another that was proliferating. The marrow spaces contained both fibrous 
and lymphoid marrow. The smaller piece of bone contained only a few well 
stained nuclei and was evidently undergoing absorption. 

Experiment 14 (Dog 67, one hundred and eight days). — Operation. — Two 
specimens of fragmented bone from the right fibula, after being placed in rubber 
tubing, were inserted into the knee joint. 

Gross Findings. — Only a small fibrous nodule was found. 

Microscopic Findings. — No bone was found in the section. 

SUMMARY 

1. In these experiments in which pieces of bone enclosed in rubber 
tubing were inserted into a joint, well stained or new bone was found 
in practically every case in which a sufficient time had elapsed. The 
cycle and the character of the changes were similar to those which took 
place in a transplanted piece of bone under normal conditions. The 
processes were slower, less active, and there was a tendency for earlier 
degeneration. 

2. In some of the experiments, cartilaginous and osteoid callus was 
found uniting the fragments. The ultimate fate after restoration was 
complete absorption, as with other transplants in a nonfunctioning 
position. 

3. After insertion in the joint cavity, the specimens more than likely 
remained free for several days. At eight days one was found attached 
to the synovial membrane, but was surrounded by unorganized fibrin. 
At nineteen days there was beginning organization at the place of 
attachment; therefore, it seems justifiable to conclude that for the 
l^eriod previous to this time, the fragments were able to subsist on 
nutrient material obtained from the synovial fluid. We should bear in 
mind that the fragments were enclosed in perforated rubber tubing and 
thereby received only a limited supply of necessary food elements; it 
was therefore all the more remarkable that the fragments were not only 
able to survive but to form callus in sufficient amount to have united 
the pieces of bone. 

4. The foreign bodies excited no inflammatory reaction on the part 
of the synovial membrane, and no changes took place in the articular 
cartilages. 

5. In every experiment the tube with its enclosed contents became 
adherent to the synovial membrane, thereby defeating the primary 
purpose of this investigation, but the results are nevertheless interesting 
and important. It is hoped that methods may be devised Ijy which the 
fragments may be kept free in the joint cavity, or for the successful 
cultivation of bone outside the body. 
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CONCLUSIONS 

1. Bone fragments placed in perforated rubber tubing and inserted 
into a joint remained viable and were able to produce sufficient new bone 
to form a union between the fragments. 

2. The foreign bodies caused no injury to the articular cartilage 
and always became adherent to the synovial membrane. 



TUBERCULOSIS OF THE MAMMARY GLAND 


HOWARD B. BARKER, iI.D. 

AXX ARBOR, MICH. 

The education of the public to look on any mass in the breast as a 
potentially serious condition is leading to more satisfactory treatment 
of the neoplastic lesions of this organ. Granted, however, that every 
mass in the breast is to be considered malignant by the laity until proved 
otherwise, the physician must be able, within reasonable limits, to differ- 
entiate between the benign and the malignant new growths. Certainly 
tuberculosis of the breast holds a definite place among the benign con- 
ditions of this organ which must be differentiated from the malignant. 
The number of cases, however, remain small as compared with the 
number of cases of neoplasm and no one group of cases of mammary 
tuberculosis has been large enough in itself to allow of general state- 
ments or definite conclusions. The number of cases proved by micro- 
scopic examination and completely reported in the literature probably 
is now sufficient, when reviewed as a whole, to allow fairly accurate 
deductions. 

Before the advent of microscopic section methods of examining 
tissues there were many who doubted the existence of tuberculous mam- 
mary gland disease, some being so bold as to state that this was the 
one organ exempt from this infection. Among these stood Virchow. 
Cooper^ described the condition in 1829 but his experience, like that 
of many of the earlier observers, was limited to the more advanced 
and more evident type or stage of the disease, that is, cases in which 
well developed cold abscesses were present or those in which sinus 
formation had already taken place. The frequency with which less 
extensive forms and earlier stages of the disease are being reported is 
due as much, no doubt, to the education of the laity to look on any mass 
in the breast with grave suspicion as to the improved diagnostic methods. 
Greater attention must be given, then, to the differential diagnosis of 
early stages of tuberculosis of the breast in order to suspect such a 
condition. 

There are certain classical notions regarding mammary gland tuber- 
culosis, some of which are not entirely correct in view of the entire 
series of reported proved cases. Among these accepted statements are : 
(1) that the condition is rare; (2) that the disease early takes the form 
of abscesses and sinuses; (3) that axillary and cervdcal gland tuber- 
culosis often precede the breast condition and the latter results from a 

* From the Department of Surgery. University of Michigan Medical School. 

1. Cooper, Astley : Illustrations of Diseases of the Breast, London, 1S29. 
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lymphatic extension from these primary foci; (4) that gland involve- 
ment occurs during the period of sex activity; (5) that the process is 
practically always unilateral; (6) that the right breast is more fre- 
quently attacked than the left; (7) that the breast lesion is associated 
with other foci of tuberculous infection and therefore is secondary; 
(8) that previous mammary infection and trauma are common predis- 
posing causes; (9) that breast tuberculosis is always of the bovine type. 

The statement that breast tuberculosis is a clinical rarity is sup- 
ported by the relatively few cases reported. However, one must not 
overlook the fact that since attention has been directed to the condition, 
reports are becoming more frequent Delbet - in 1891 was able to 
compile only thirty-six cases while Gauthier ® in 1895 compiled seventy- 
nine cases, forty-three of which were proved tuberculosis by micro- 
scopic examination. Scudder ^ in 1898 reported eighty-three compiled 
cases and in the following year Carrel ^ increased the number to 120, 
although all of them were not proved by microscopic examination. 
Pataroni ® in 1907 and Durante ^ in 1914 compiled and reported suf- 
ficient cases to bring the number to 150. In 1914 Deaver® reviewed 
the literature and compiled the cases in the period from 1904 to 1914. 
With the five cases he had observed himself he was able to report seventy- 
seven cases in which a diagnosis had been definitely established. Since 
1914 fifty cases have been reported and I am permitted to add fifteen 
cases compiled from the Department of Surgery at the University of 
Michigan Hospital. 

Five of the seven cases reported by Raw “ were not proved tuber- 
culosis, either by finding the tubercle bacilli or by tissue examination. 
Of these five cases it is quite likely that one at least was not mammary 
tuberculosis, but rather a cold abscess beneath the breast and secondary 
to tuberculosis of the shoulder joint. If we disregard the unproved 
cases there have been forty-five cases reported which with the additional 
fifteen reported herewith bring the total number reported since 1914 to 
sixty cases. 

Although only fifteen cases can be reported from the University 
Hospital, it is interesting to note that the Department of Pathology 
files show a total of fifty-two cases of mammary tuberculosis from all 

2. Delbet, quoted by Chauvin, E. : Comite mcd. des Bridies du Rhone, Nov. 
17, 1922; .Arch, franco-beiges de chir. 26, 1923; Progres med. 38:109 (March 10) 
1923. 

3. Gauthier: These de Bordeaux, 1895. 

4. Scudder: -\ni. J. il. Sc. 116:75, 1898. 

5. Carrel: Gaz. d. hop., 1899, p. 1945. 

6. Pataroni : These de Bordeaux, no. 126, 1907. 

7. Durante: Policlinico 21:139, 1914. 

8. Deaver: -Am. J. M. Sc. 147:157, 1914. 

9. R.-IW, N.: Brit. M. J. 1:657 (April 12) 1924. 
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sources, or one case to each forty-five of malignancy. This evidence 
compares closely with the statement of Scott that there is one case of 
tuberculosis of the breast to fifty of cancer. 

The commonly accepted opinion that the disease as seen clinically is 
usually in the stage of abscess and sinuses is not entirely correct. A 
review of the compiled cases shows that only thirty-seven of 140 cases 
showed sinus formation when the patients first presented themselves 
for examination. In only eight cases of forty-eight was a diagnosis of 
abscess made by clinical examination. To be sure, caseation and small 
abscess formation are found in a much larger proportion of cases by 
microscopic examination. There is undoubtedly a group of cases in 
which evolution is very slow and these with a smaller group that present 
the gross picture of infiltrating granulation tissue make up the majority 
of the cases. The latter sclerosing type of the disease has been very 
aptly called the “tuberculous pseudoneoplasm” by Chauvin.“ The dis- 
ease takes this peculiar form, no doubt, because of the low virulence of 
the organism or the greater resistance of the host. In this form spread 
to the axillary glands may be early and here the process may go on 
rapidly to caseation even though the primary breast lesion remains small 
and of the noncaseating type. 

Contrary to the once accepted opinion mammary tuberculosis is 
not commonly due to spread of the infection from cervical and axillary 
glands. Raw® stresses the secondary involvement of the breast from 
extensive cervical and axillary tuberculosis in five of his cases. Exten- 
sion to the breast does take place in this way but much less frequently 
than was formerly thought. Less than half the compiled cases show 
any cervical or axillary involvement and a large number of the patients 
presenting palpable axillary glands give a definite history of having 
observed the enlargement of the nodes after the appearance of the 
mass in the breast. Not more than 5 per cent of the cases of tuber- 
culosis of the breast arise as extensions from axillary or cervical 
tuberculous glands. 

Only five cases of bilateral mammary gland tuberculosis have been 
reported, one case each by Albertin,*® Walther,*® Bonneau,“ Durante and 
McCarty and Chauvin.^^ The disease can be considered as almost 
universally unilateral. There is no evidence to support the conclusion 
that there is a gross predilection for one breast over the other. Of 
122 cases, sixty-two involved the right breast and sixty the left breast. 

10. Scott: St. Bartholomew’s Hosp. Rep. 40:97, 1904. 

11. Chauvin (footnote 2). 

12. Albertin, quoted by Chauvin (footnote 2). 

13. Walthier: Bull, ct mem. Soc. d’anat. de Paris 32:1076, 1906. 

14. Bonneau: Societe des chirurgiens de Paris, Oct. 15, 1920. 

15. Durante, L., and McCarty, W. C: Ann. Surg. 63:66S (June) 1916. 
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Secondary involvement of the breast from a tuberculous focus 
elsewhere is much less common than was thought by early observers. 
The more usual locations for primary foci, when present, are cervical 
and axillary glands and the lungs. The earlier writers on the subject 
considered mammary tuberculosis to be secondary to pulmonary infec- 
tion in all cases. At present there is a tendency to an almost complete 
reversal of this opinion. The truth lies in a middle ground. Scott 
in reporting twenty-seven cases found no case of pulmonary tubercu- 
losis. In the group of sixty cases reported since 1914 (including the 
fifteen reported at this time) eighteen patients showed tuberculosis or 
gave a history of having had a definitely diagnosed tuberculous lesion 
elsewhere than the breast. Of these eighteen patients ten had pulmonary 
tuberculosis. Chauvin places the association of the breast condition 
with a pulmonary infection at 12 per cent while the foregoing analysis 
would put the incidence at 16.6 per cent. 

Trauma and previous chronic inflammation of the breast have been 
considered important predisposing factors. Trauma is given as a 
definite cause in but two cases of forty-eight and previous chronic 
inflammation of the breast was present in only 10 per cent of the cases. 
Although trauma cannot be considered a causative factor, frequently 
here, as in benign growths of the breast, an injury will lead to the dis- 
covery of the condition. Four cases of tuberculosis of the breast asso- 
ciated with benign neoplasms have been reported by Walther,^® Schley,^" 
Massabuan and Bundschuk.^® 

All cases in which the type of bacillus has been determined have 
proved to be bovine in type, but the number of cases from which the 
bacilli have been cultured is much too small to warrant conclusions. 
The difference in the rapidity of caseation in various cases may be 
explained by the type of infection. It is known that elsewhere in the 
body the bovine infection more often runs a chronic course than does the 
human bacillus infection. 

Attempts have been made to classify tuberculosis of the breast as 
disseminated or confluent but the increasing number of cases that can- 
not be forced into such a grouping has led to the adoption of a classifi- 
cation on a quite different basis. If, indeed, a classification is necessary, 
the following seems to answer the present needs: 

Primary : 

1. Breast tuberculosis with rapid evolution. 

2. Breast tuberculosis with slow evolution. 

3. Sclerosing type (tuberculous pscudoneoplasm). 

Secondary : 

Tuberculosis of breast from glandular origin; rapid evolution. 

16. Schley: St. Lukes Hosp. Rep., 1910, p. 1147. 

17. Massabu;in: Mompel. mcd. 28:608. 1909. 

IS. Bundschuk: Beitr. z. path. .-\nat. u. z. allg. Pathol. 37:65, 1913. 
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The more common form of the disease is that of a localized mam- 
mary gland lesion, without demonstrable focus elsewhere, with or with- 
out spread to the axillary nodes. The process here, if not interrupted 
by treatment, goes through three stages: nodule, abscess and sinus. 
The rapidity with which the change takes place varies and the sub- 
division of the primary group is made on this basis of rapidity of 
evolution of the process. Every stage is possible. Caseation may take 
place early with abscess and fistula formation simulating subacute 
mastitis or the process may be of the sclerosing type that remains for 
several years without breaking down. 

DIAGNOSIS 

The lump in the breast is insidious in its onset and usually free from 
pain until distention of the tissues by a considerable mass occurs or the 
overlying skin is involved. In twenty-three of forty-eight reported 
cases there was slight or severe pain at the time of the first e.xamina- 
tion but in only two had pain been an early symptom. Early abscess 
and sinus formation takes place in the secondary and rapidly evoluting 
primary types (usually within two to four months). These two groups, 
when taken together, make up less than 20 per cent of the cases. 
Diagnosis in these cases is usually evident and it is not surprising that 
before laboratory methods of diagnosis were available these were the 
only known types. 

The slowly caseating type along with the sclerosing form make up 
a most interesting clinical entity. It is this group in which diagnosis 
is most difficult. It is not uncommon for these patients to give a history 
of a lump in the breast for several years. Remissions followed by an 
increase in size of the mass with pregnancies or menses occur in some 
cases. One case (case 1) of our series gave such a history with remis- 
sions and exacerbations extending over a period of eight years. Four 
of the patients had first noticed the lump more than a year before 
admission and in none had the first symptoms appeared less than five 
months before the patient came for examination. In none of the ca.'ses 
had sinus formation occurred. Axillary gland involvement is usually 
relatively early, but it is of no value in differential diagnosis. Fi.xation 
and dimpling of the skin and retraction of the nipple may be pre.^^ent. 
In a case reported by Miles and another by Hartman and d’.Allaines 
retraction of the nipple was the first indication of a lesion. Discharge 

19. Miles ; Edinburgh Af. J. 14:205, 1913. 

20. Hartmann, Henri; and d’Allaincs, G.: Bull. Soc. d'obst. et de gv-nec. de 
Paris, 1924, no. 6. 
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from the nipple is an uncommon finding but attracted attention to the 
condition in a case observed by Hartman and d’Allaines.-® Pain was 
the primary symptom in five of fortj-eight cases. 

On palpating the breast it is found that the slowly evoluting forms 
do not present a well defined border as do the more rapidly caseating 
types, here again presenting the characteristic findings of a scirrhous 
carcinoma. Large portions or the entire breast may be involved with 
a diffuse sclerosis, making the involved breast more prominent and 
firmer than normal. 

The age of the patient (tuberculosis of the breast occurs more often 
in younger persons than does cancer) along with a history of remis- 
sions can only suggest the correct diagnosis. Confirmation must always 
come from tissue examination. 

TREATMENT 

Opinion unanimously favors surgical treatment. If there is a well 
localized lesion in the breast this may be removed along with a margin 
of normal tissue; if the process is more extensive, the entire breast 
must be removed along with the axillary glands when definitely involved. 
It is not necessary to take as wide a margin of skin as in cancer and 
the pectoral muscles can be saved in the majority of cases. Removal 
of the outer portion of the pectoralis major may be necessary in order 
more easily to attack the axilla. Primary healing is the rule, recur- 
rence uncommon. 

With more conservative treatment such as the medical treatment as 
advocated by Von Eberts,-^ the results are quite unsatisfactory. More 
conservative operative measures, such as draining of abscesses and 
curettement of sinus tracts and iodoform gauze dressings, have given 
local healing but only after months of treatment. Recurrence after the 
more consecutive forms of treatment is much more common. 

CONCLUSIONS 

1. Tuberculosis of the breast occurs in the proportion of 1:40 as 
compared with cancer of the breast and 1 : 20 with other chronic, 
inflammations of the breast. 

2. In the majority of cases, no other tuberculous lesions can be 
found. 

3. Sclerosing and slowly evoluting types are clinically difficult to 
diagnose and can only be suspected. 

4. Local excision of the lesion or breast amputation with removal 
of the axillary glands, if these are palpable, is the treatment of choice. 

5. The pectoralis muscles can be preserved in the majority of cases. 


21. Von Eberts: Am. J. M. Sc. 138:70, 1909. 
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CONGENITAL CONDITIONS 

Congenital Dislocation of the Patella. — ZanoH * gives an interesting 
study of congenital dislocations of the patella. He has observed and 
studied thirteen patients, forming a total of sixteen cases. The case.s 
may be divided into two classes, permanent dislocations and haiiiiual 
dislocations. He has made a study of the literature and discusses it and 
also various operations that have been devised. His article is illustrated 
by excellent photographs and roentgenograms. As regards etiology, 
heredity seemed frequently to be a factor. There was also a familial 
factor, since he noted in the literature one instance in which three 
sisters had the same deformity. Sex played no part. The pathology i.s 
obscure, but his conclusion is that congenital dislocation of the patella 
is due to an abnormal orientation of the articular axes and more precisely 
to an external rotation of the tibia and an inward torsion of the distal 
epiphysis of the femur. Certainly the essential cause is some intra- 
uterine mechanical factor. He discusses the various methods of treat- 
ment that have been employed. In his series of cases varioius methods 
were used, and in regard to them he says, “I believe I do not err in 
asserting that the methods which merit a greater appreciation and a 
larger application are medial transplantation of the patellar tendon and 
capsulorraphy, which can, with much advantage, be combined.’' 

Congenital Elevation of the Scapula. — Schrock ■ states that in an 
embryo of five weeks the scapula becomes differentiated opposite the 
fourth, fifth and sixth cervical vertebrae; at the ninth week the sca])ula 
begins to descend from the neck to the thorax. Failure to descend give^ 

♦This Report of Progress is based on a review of lii6 articles selected frt<ni 
412 titles dealing with orthopedic surgery appearing in medical literature U-tween 
Dec. 12, 1925, and March 13, 1926. Only papers that .seem to repre.-eyt progreis 
have been selected for note and comment. 

1. Zanoli, R.: Chir. d. org, di movimemo 10:83 (Dec.) 1925. 

2. Schrock, R. D.: J. Bone & Joint Surg. 8:207 (Jan.) 192>). 
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rise to the deformity. This failure may be due to maldevelopment in 
bone, cartilage and muscle, or the descent may be interrupted by 
abnormal pressure or position in utero. He describes a very radical pro- 
cedure that has given good results in two severe cases. He believes that 
the complete correction of the bony deformity often necessitates such 
operation. The incision is curved from the midsuprascapular region 
from about 1 inch (2.5 cm.) external to the medial margin of the 
scapula to 2 inches (5 cm.) below the inferior angle. The deeper 
incision is carried through the cartilaginous medial margin of the 
scapula with subperiosteal removal of the combined attachments of 
rhomboids, serratus magnus and subscapularis. The subscapularis is 
completely removed. Similar subperiosteal elevation is made of the 
infraspinatus, teres major and minor, completely freeing the inferior 
angle and lower two thirds of the axillary border. The same procedure 
is applied to the insertion of the trapezius on the spine, to the supra- 
spinatus, and to the structures of the superior margin of the scapula, 
using special care at the suprascapular notch. This is the only point at 
which there is danger to nerve or vessel of any consequence. The 
chondro-osseous bridge from the vertebrae to the superomedial margin 
of the scapula is removed as completely as possible; the margins of the 
scapula are freely removed; the supraspinatus portion is resected and 
much of the spine, if this is at all prominent. If the shoulder then 
cannot be brought back freely, an osteotomy of the base of the acromion 
is done. This gives a very appreciable downward and backward drop 
of the shoulder. One strut of the shoulder suspension has in this way 
been removed. The inferior angle of the scapula is anchored with heavy 
chromic catgut to the lowest rib possible. The dressing is with a 
pressure pad over the shoulder and long adhesive extending well down 
on to the trunk. This is a very important detail, and considerable 
downward and backward pressure can be applied in this manner. Over 
this is placed a figure-of-eight of the shoulders., such as is commonly used 
in fracture of the clavicle. 

[Ed. Note. — ^In our experience operations for the relief of con- 
genital elevation of the scapula have often somewhat improved the 
condition, but never either cosmetically or functionally represented com- 
plete correction. This is certainly a verj' radical and extensive pro- 
cedure that Schrock proposes and the end-results that he presents in 
roentgenograms and photographs are extremely good.] 

rickets; boxe disease of uxcertaix origix 

Expcrhstoital Rickets . — Buschke and Peiser ’ have fed rats a sub- 
stance called thallium, with establishment of the bone changes recog- 


o. Buiclike and Peiser, N.: Klin. Wchnschr. 3, 1925. 



OSGOOD ET AL.— PROGRESS LY ORTHOPEDIC SURGERY 447 

nized as rickets as it appears in rats, also the checking of growth and 
development, disturbance of sexual function, loss of hair, cataracts and 
stomach changes. Buschke and Peiser believe that thallium acts as a 
poison to the endocrine glands and the nervous system and that as a 
conclusion it seems probable that rickets is produced in the same way 
•in human beings, i. e., that poor hygienic conditions and poor nutrition 
produce endocrine gland disturbance with rickets as a result. 

Coxa Vara . — Noble and Hauser * have grouped seventy-five cases of 
coxa vara, dividing them into fifty-eight adolescent and seventeen 
congenital, believing that coxa vara may be so grouped. Of the fifty- 
eight adolescent patients, forty-two were males and sixteen females ; the 
origin of the disease was probably some embryonic vascular disturijance 
of the femoral neck. In its mildest form this deformity begins at the 
fourth year and steadily progresses with growth. Roentgenograms will 
frequently show a fissure in the femoral neck in these cases. The 
adolescent type of coxa vara is generally seen in the obese or jjituitary 
type of person and is noticed as a rule at the age of puberty when the 
adiposity is greatest. The authors believe that the pituitary gland plays 
an important role in coxa vara, trauma exerting only a minor influence. 

Epiphyseal Coxa Vara. — Key® reports twenty- four cases of coxa 
vara and discusses at length the pathology of this condition. He believes 
that the true pathology is not known because no early specimen has 
been studied. He discusses the various theories as to etiology, and 
concludes that a weakness of unknown origin takes place in the peri- 
osteum which binds the head to the neck of the femur. Ihis weakness 
develops at the period of most rapid bone growth. Key's review is a 
most extensive and exhaustive one. 

[Ed. Note. — ^We would suggest that as various clinical entities 
become defined we adopt more descriptive terms, hor instance, the 
etiology of adolescent coxa vara is still in question, but the pathology 
of the condition is well known and represents a displacement of the 
upper epiphysis of the femur. It represents a clinical entity, and as 
such should be differentiated from other types of coxa vara. W e would 
suggest the term “epiphysolysis” to designate the condition.] 

Voti Rcchlinghauscn’ s Boiic Disease . — Guillain calls attention to 
the fact that two symptoms characterized the case reported by him of v(jn 
Recklinghausen’s disease. Extreme pain was present as the bone tumor 

4. Noble, T, P., and Hauser, E. D.: Acute Bone .-Virophy. Arch. Surg. 12: fill 
(Feb.) 1926. 

5. Key, J. A.: J. Bone & Joint Surg. 8:53 (Jan.) 1926. 

6. Guillain, G. : Bull, ct inein. Soc. ined. d. hop. de Paris 49:1607 (Dec, l.S> 
1925. 
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developed, disappearing afterward, and there was increased local 
temperature over the affected areas of bone. 

Bone Lesions in von Recklinghausen’s Disease. — Babonneix, Tou- 
raine and Pollet " describe the deformities in certain cases of osteitis 
fibrosa hyperplastica as that of kyphoscoliosis so marked in character 
that the third lumbar body was seen in profile in an anteroposterior 
roentgenogram of the spine. The profile skull plate showed a hyper- 
trophy of the bone but no change in the sella turcica. Microscopically 
and macroscopically the bone lesions were those of osteomalacia. 

Gaucher’s Disease, Shozving Bone Disintegration and Joint Involve- 
ment. — Cushing and Stout ® report a case of Gaucher’s disease in which 
there was marked destruction of the head and neck of the femur. There 
were also large collections of spleen cells (Gaucher’s cells) in the 
bone marrow of the femoral head and neck, which were apparently the 
cause of the bone destruction. Gaucher’s disease is a primary idiopathic 
hypertrophy of the spleen, with anemia, bronzing of the skin, and 
bleeding of the gums. 

POLIOMYELITIS 

The time interval between infantile paralysis cases in 253 families 
has been studied by Ay cock and Eaton.® The period of incubation in 
man varies from ten to eighteen days, averaging fourteen days. It was 
inferred that the time of greatest infectiousness of infantile paralysis is 
probably at the beginning or within the first three or four days of the 
acute stage of the disease. This study suggests that the search for 
the source of infection should be centered at about the fourteenth day 
before the onset of acute symptoms. Making a comparative study of 
measles, they point out that secondary cases of measles usually occur 
from ten to twelve days after the onset of the initial case in the family, 
and that third cases occur, as a rule, simultaneously with the second 
cases. Infantile paralysis when introduced into a family acts quite 
differently from measles or scarlet fever. Only exceptionally do multi- 
ple cases occur. When multiple cases do occur, it is usually within a 
short time of each other, indicating simultaneous infection. The virus 
of infantile parah’sis enters the family in such a way that in a few 
instances in which more than one member is affected, this is accomplished 
practically simultaneously. 

7. Babonneix, L. ; Touraine, and Pollet, L.: Bull, et mem. Soc. med. d. hop. 
de Paris 49:1601 (Dec. IS) 1925. 

S. Cushing, E. H., and Stout, A, P.: Gaucher’s Disease, .-\rch. Surg. 12:539 
(Feb.) 1926. 

9. .-Xyccck, G. F., and Eaton. P. : Am. J. Hygiene 5:724 (Nov.) 1925. 
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Bulbar Poliomyelitis. — ilcEachern reports six cases of tvhat he 
calls epidemic bulbar poliomyelitis. All cases presented the common 
clinical sj^mptom of paralysis of the muscles of the upper respirator}* 
tract without coincident paralysis elsewhere. In several cases there was 
a white frothy mucus in the nose and throat. All patients were very 
ill and two died. The constant involvement of the muscles supplied bv 
the eleventh nerve was unusual. 

Gill,^^ in reviewing the symptomatologv* of various epidemics of 
poliomyelitis, found that rigidit}* of the neck was a symptom in SO per 
cent of the cases. This is not a voluntar}* rigidity. 

Boehm discusses those cases of infantile paralysis in which most 
of the muscles of the leg are paralyzed and weight bearing therefore 
very difficult or even impossible. Boehm does not favor arthrodesis of 
the knee or hip in children and believes that the most important factor 
is proper statics. A good artificial leg allows proper weight bearing 
without muscular action. The paralyzed leg may also be fitted for 
weight bearing if the statics are correct. Any contracture of the knee 
or the hip must be corrected. An osteotomy in one or more places will 
accomplish this and the effect is what he calls a passive security. /V 
line is drawn from the center of the hip to the front of the ankle 
joint. The trochanter and especially the knee must lie behind that line. 
Ordinarily the osteotomy is best performed above the knee, but this 
depends on the kind of deformity. 

TUBERCULOSIS 

Arthrodesis of the Sacro-Iliac Joint for Tuberculosis; Study of End- 
Results. — Smith-Petersen and Rogers report the present results in 
thirteen cases of sacro-iliac tuberculosis in which operations were per- 
formed after the method of Smith-Petersen in the last seven years. 
With careful examination to localize the lesion, with a well planned and 
correctly executed operation and with proper after-care, this lesion may 
thus be successfully treated. Of the thirteen patients nine are now 
well. There was no operative mortality. Four died of tuberculosis 
elsewhere in the body after periods of one and a half to two years. 

[Ed. Note. — In view of the poor prognosis that is generally as.'.igned 
to this condition in textbooks, the high percentage of successful results 
here reported seems to us to represent real progress in the treatment of 
tuberculosis of the sacro-iliac Joint.] 


10. McEIachern, John: Epidemic Bulbar Poliomyelitis, J. A. M. --X. 86; W 
(Jan. 9) 1926. 

11. Gill, J. M.: Brit. M. J. 1:232 (Feb. 6) 1926. 

12. Boehm, M.: Deutsche med. Wchnschr. 51:942 (June 5> : 9c7 CJ’"'-'- 
1925. 


13. Smith-Petersen, M. N., and Rogers, W. Arti'.r<. deiis for TuU-rcul.. 
of Sacro-iliac Joint; Study of End-Rcsults. J, A. M. A, S6:26 fjan. 2> !9jo. 
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Resection of the Knee for T uberculosis in Adults. — ^Fredet reports 
twenty-seven cases, of which three of the patients were from 17 to 19 
years, twenty were from 21 to 36, one was 51, and another 61. Of 
these twenty-seven patients he saw eight after four years or longer. 
The time at which he saw the others varied from three years to six 
months after operation. He obtained ankylosis in good position in all 
cases. Function was good in all cases, and the greatest amount of 
shortening was 5.5 cm. In these cases Fredet has used a metal suture 
to secure bony apposition without inconvenience in the majority of cases. 

lodhed Oil in the Treatment of Surgical Tuberculosis. — ^Delbet^® 
reports the results of treatment by the Finikoff method, using iodized 
vegetable oil. The cases reported were treated under the personal direc- 
tion of Finikoff and were fourteen in number; the injections were 
given throughout a period of from six to eight months, at five to seven 
day intervals. The first injection contained 10 cc. of the oil, the follow- 
ing 20 cc. The injections were given at points distant from the lesion. 
Calcium chloride was given at the same time by mouth. In cases of 
tuberculous abscess, multiple fistulas and tuberculous arthritis, he 
reports clinical cures and what seemed inevitable amputation was averted 
in several of these. The basic idea of the treatment known as Finikoff’s 
is to increase the lipolytic power of the mononuclear cells, at the same 
time increasing the proteolytic power of the polymorphonuclear cells. 

[Ed. Note. — There are so many pitfalls to accurate observation in 
the estimation of results of therapy that we feel that a much larger 
series of cases will have to be reported before an expression of opinion 
is possible on Finikoff’s method. To anyone attracted to the method, we 
would suggest the necessity of proving tuberculosis present before 
reporting on its cure.] 

ARTHRITIS 

The Orthopedic Aspects of Chronic Arthritis. — Osgood,^“ in the 
Hugh Owen Thomas Lecture of 1925, reviews the orthopedic aspects of 
chronic arthritis, discussing the classification, the theories of etiology 
and the methods of treatment. He believes that many types of organ- 
isms and many other factors enter into the etiology of ‘ the so-called 
proliferative infectious or rheumatoid arthritis, Ely’s type I. Complete 
recovery in die early stages may occur if these factors can be eliminated. 
In later stages arrest of the disease and functional improvement may 
be attained. The simple surgical removal of a focus of infection will 
rarely be successful in checking the progress if subsequent attention is 

14. Fredet, Pierre: Bull, et mem. Soc. nat. de chir. 52:43 (Jan. 23) 1926. 

15. Delbet, P. : Bull. Acad, de med. 94:1083 (Dec. 1) 1925. 

16. Osgood, R. B. : J. Bone and Joint Surg. 8:1 (Jan.) 1926. 
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not paid to normal bodily mechanics and the principles of better general 
health.- The degenerative, hypertrophic form or ostearthritis, Ely’s 
type II, may often be present without any demonstrable caitse. In its 
early stages if a faulty body chemistry and a faulty bodily mechanics 
can be corrected and intra-articular friction can be eliminated, almost 
complete relief from its symptoms is possible. Later, intelligent physio- 
therapy, protective apparatus and proper orthopedic surgerA' will be 
beneficial. 

Chronic Arthritis and Diabetes . — Pemberton noted that patients with 
chronic arthritis seemed to improve when they were given diets low 
in carbohydrates and were made worse by diets high in carbohydrate. 
From this he concluded that patients with diabetes should be compara- 
tively free from arthritis, because of the fact that their disturbed metabo- 
lism of sugar demanded prolonged diets low in carbohydrates. Schmitt 
and Adams observed during the last year at the Mayo Clinic 474 
patients with diabetes. Fiftj'-one of these (lO.S per cent), who had 
well defined but as a rule comparatively mild diabetes, had arthritic. 
No noticeable improvement in arthritic symptoms occurred in con.‘;e- 
quence of the low carbohydrate regimen necessary in the presence of 
diabetes. 

[Ed. Note. — ^Although Pemberton did not differentiate betwccji the 
two main types of chronic arthritis, the authors state that most of their 
cases were of the hypertrophic type, usually situated in the joints of the 
spine. They do not state how long it had e.\i5ted before the diabetic 
diet was begun, but presumably for many years. Such a diet would 
in our opinion be expected to exert little favorable influence on this 
type II hypertrophic or ostearthritic senile form. In fact, it might well 
by its high protein content aggravate it.] 

The Dangers of Protein Therapy . — Treatment with protein bodies is 
administered to such an e.xtent in chronic disease of the joints that it is 
timely for Zimmer and Buschmann to warn us against certain dangers 
in this treatment. Such dangers are the anaphylactic shock, serum dis- 
ease and chronic protein poisoning. Intravenous injection is more 
dangerous than intramuscular injection. The injection should nut be 
repeated at too short intervals. Changing the substance to be injected, 
slowly increasing the quantity, and gradual or divided injection are 
measures of safety. In order to avohl chronic protein poisoning, treat- 
ment should not be administered for more than four or si.x weeks witiiottt 
intermission. 


5chiiiitt, E. O- G., and .Adams, S. E. t rtet**. ct 

litus and Clironic Infectious .-Vriliritbs. J. A. M. .A. S6 :.'<j 5 (I-cb. 
IS. Zimmer and Busclnnann: Ztschr. f. artzl. Fonbild. 22:5!. 
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Spo’.idylitis ami Spotted Fever. — Holst reports his extensive 
experience with spondylitis following spotted and recurrent fever. He 
has seen fifty-six cases. The affection begins with very sudden and 
rapidly increasing pain, which generally decreases even without treat- 
ment. Occasionally traumatism marks the beginning. The pain fre- 
quently radiates downward. Contracture of the legs, paresis and even 
paralysis may ensue, and deformities of the spine, such as kyphosis or 
scoliosis. In most of his cases the lumbar vertebrae were affected. The 
roentgenogram showed a narrowing of the inteiwertebral disk, changes 
of the vertebra itself, and the formation of bony bridging osteophytes. 
In some cases a complete union of two vertebrae had taken place. The 
clinical picture as well as the roentgenogram corresponded closely to that 
of spondylitis following typhoid fever, but was very different from 
tuberculous disease of the spine. The disease consists evidently in an 
osteomyelitic process which soon passes the bony limits and affects the 
cartilage and the perivertebral tissue. The process is generally benign 
and the prognosis is good. The treatment is simple and consists of 
rest in bed in the prone position. 

BONE AND JOINT SURGERY 

Ganglions. — Kuettner and Hertel regard a ganglion as a neo- 
plasm originating from the primitive connective tissue cells from which 
the joint develops. Since there is a symmetrical bilateral distribution of 
the tumors in 3 per cent of the cases they believe that hereditary factors 
play a certain part. Ganglion of the wrist is most frequent, about 
SO per cent of all cases, and of these 70 per cent are seen in females of 
from 10 to 25 years of age who use their wrists very actively, as in 
piano playing or similar occupations. Ganglion of the knee or of the 
foot is most frequent among men after the thirtieth year. Traumatism 
may favor the development of the tumor, but is not considered the 
cause. The suggestion that tuberculosis plays a part, as is claimed by 
certain French writers, is not proved according to the authors. A 
ganglion of the flexor tendons of the fingers may produce the picture of 
"snapping” or "trigger finger.” The differential diagnosis between a 
ganglion and a bursitis may be quite difficult. Spontaneous healing has 
been observed in about 16 per cent of the cases. Treatment may be by 
crushing, by subcutaneous incision and evacuation, or by complete 
excision. Even with the latter method, recurrence is seen in about 
30 per cent of the cases. 

End-Rcsidts of Treatment of Joint IVounds by Early Mobilisation . — 
Willems has recently reexamined a number of patients with old joint 

l'>. Von Holst, L. : Ztsclir. f. orthop. Chir. 46:321, 1925. 

20. Kututicr, H., and Hertel, E. : Ergebn. d. Oiir. u. Ortliop. 18:377, 1925. 

21. Willciiis. C. : Bull, de I’.Acad. roy. de med. 5:284, 1925. 
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injury from gunshot wounds, which he had treated seven or eight years 
previously by his well known method of immediate active mobilization. 
He describes the ultimate results in fifteen cases of wounds of the kziee 
and in five cases of wounds of the elbow. ^Most of the wounds were 
the result of shell explosions and in five there had been purulent artliritis. 
In the latter group numerous osteophytes have developed, but in none 
do they interfere with function. He describes the musculature as 
excellent in these as well as in all other cases, and he feels that the 
end-results bear out all his claims for the benefits of the method. 

Behavior of Seqiiestrums in Chronic Osteomyelitis. — ^\'an Dessel -- 
has made a series of experiments on rabbits which show that in the 
presence of infection completely separated sequestrums never unite to the 
newly formed involucrum or to the old bone. The zone of demarcation 
between the sequestrum and the involucrum, dead or alive, persi.'^ts 
until the sequestrum completely disappears either by expulsion or 
absorption. 

Bone Grafting of the Mandible. — Billington and Round have made 
a report of their experience in the treatment of 2,000 cases of wounds 
of the jaws and face. Of these a large percentage were compound frac- 
tures of the mandible. In these the goal was to obtain osseous union, 
with accurate occlusion of the teeth, and at the same time avoid dis- 
figurement. If the loss of bone was less than one-half inch (1.2 cm.) 
the attempt was usually made to secure contact of the fragments at the 
sacrifice of bony length; if more than one-half inch, it was considered 
necessary to employ a bone graft. In all, seventy-five patients were suc- 
cessfully treated by bone grafts, the defect varying from one-half inch 
to 5 inches (12.7 cm.). The longest graft used was 7 inches (17.7 cm.). 
Some of their observations are as follows : The mandible is peculiarl}' 
intolerant of foreign bodies such as wire, pegs or plates. Dovetailing 
of the grafts did not prove a successful method. The usefulness of the 
pedicle bone graft was very limited and free grafts were used almosi 
entirely. They employed bone from various sites, but finally concluded 
that the ribs were too soft, the tibia too hard and too liable to necrosis, 
and that the best material for transplantation was the crest of ilie iliimi 
which was tough and could be shaped. Splints were not used imlil after 
the wound had healed; if used earlier they caused necrosis. I Iteir 
procedure was as follows: 1. Operation was not performetl until all 
mouth sinuses were healed and all sepsis eliminated. 2. Xo splints were 
used until two weeks after the operation. 3. The operation ouglii not to 
open into the mouth, and if this accident occurred the operation was 

22. Van Dessel, .Arthur: J. Bone & Joint Surg., Janu.iry, 1926. p. 194. 

23. Billington, William, and Round. Harold: Brit. J, Surg. 13:4v7 ; 

1926. 
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abandoned. 4. The graft was taken from the crest of the ilium, and 
the ends bevelled to fit over the bevelled ends of the mandibular frag- 
ments. It was placed with enough overlap to allow for future widening 
of the jaw with splints. 5. Firm bony union was usually obtained in 
from two to four months. 6. Prosthetic apparatus was not fitted until 
the end of six months. 

Dupiiytren’s Contracture. — ^Under the title of Hereditary Contrac- 
tion of the Palmar Fascia, Apert reports observation of a family with 
Dupu}i;ren’s contraction in four generations. It affected males only, and 
in each successive generation it appeared at a slightly earlier age. The 
possibility of lead poisoning had been eliminated and thus an hereditary 
predisposition seemed to be the sole cause. One of the cases was treated 
by the application of radium emanations to the palm of the hand on five 
successive nights. The result was excellent ; the contracted fascial bands 
relaxed, leaving only a cord, which does not interfere with the use of 
the hand. 

Surgical E.vposure of the Entire Radius. — ^Henry describes an 
anterolateral incision by means of which the radius may be e.\posed 
throughout its entire length. With the hand supinated and the elbow 
extended, a straight incision is made extending from a point at the outer 
edge of the biceps belly to the tip of the radial styloid. Then the 
biceps tendon is exposed and the finger inserted in the muscular groove 
to the outer side of this tendon and passed distally to the elbow until 
the recurrent vascular loop is encountered. This should be ligated and 
divided. Then the three long muscles at the outer border of the forearm 
are mobilized. The tendon of the brachioradialis is detached. The 
elbow should be flexed 90 degrees and the supinator muscle exposed, 
turning it outward with the posterior interosseous nerve. The hand is 
pronated and the entire radius revolves into view. 

Snapping or Trigger Finger. — ^Kroh”® has made a careful study of 
fourteen cases of so-called “snapping” or “trigger” finger, and con- 
cludes that the cause is a stenosing tendovaginitis of the fle.\or tendons 
of the fingers. The ’lesion has its seat not at the region of the inter- 
phalangeal joint, as is commonly supposed, but at the level of the 
metacarpophalangeal joint, where the tendon sheath is physiologically 
narrowed by the ligamenta accessoria volaria. The snapping may occur 
in flexion or in extension, or in both movements. It may be caused 
by various changes, such as a circumscribed thickening of the tendon 
while the sheath is intact, or by a thickening of the sheath while the 
tendon is unaltered. In the latter case there may be pain on movement 

24. .^pert, E.: Bull, et mem. Soc. med. d. hop. de Paris 49:1502, 1925- 

25. Henry. .\. K.: Brit. J. Surg. 13:506 (Jan.) 1926. 

26. Kroh, F. R.: .A.rch. f. klin. Chir. 136:240. 1925. 
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without the phenomenon of snapping. The treatment consists in the 
excision of the volar part of that section of the tendon sheatli which 
interferes with movement of the tendon. Histologic examination of tlie 
tissues removed at operation showed hyperplasia of all the elements of 
the sheath, and if the condition was advanced there was noted laceration 
and vascularization of the ligaments and even hyaline degeneration. 
There was never any increase in the amount of fluid in the sheath, but 
rather a little dryness. 

Arthrodesis of the Sacro-lliac Joint for Arthritis, Trouiikitic or 
Nontramnatic. — Smith-Petersen and Rogers have made a careful and 
detailed study of a group of cases diagnosed as arthritis, traumatic or 
nontraumatic, of the sacro-iliac joint, and which were treated by arthro- 
desis by the method devised by the first author. The cases of tuberculous 
arthritis in which similar treatments have been given are reported in a 
separate article which is abstracted elsewhere in this Report of Progress. 
The diagnosis was based on the history of pain in the region of the 
sacro-iliac joint and pain radiation in the leg over the area supplied by 
the first and second sacral nerves (posterior surface of the thigh and 
outer side of the calf), on the physical examination with demonstration 
of list of the spine to the opposite side, tenderness over the posterior 
sacro-iliac ligaments, limitation of movement and production of pain on 
raising the leg with the knee extended, demonstration of tenderness over 
the sacro-iliac joint by rectal examination, and on the roentgen-ray exam- 
ination, which in certain cases showed pubic disalinement or actual arth- 
ritic changes in the joint and in others merely a widened joint space. 
There were twenty-six cases in the group. The operation has been previ- 
ously described, but briefly consists in exposing the outer surface of the 
ilium by turning down a muscle flap in the gluteal region and then 
cutting a window through into the joint. The cartilage is removed and 
the bone plug which was removed from the ilium is then replaced and 
driven inward until countersunk in the sacrum. There was no opera- 
tive mortality. End-results are given in twenty-six cases. Uf the^e, 
twenty-three patients were completely relieved of pain. Of ilie three 
remaining patients, two complained of persistence of pain in the calf of 
the leg, but stated that this was far less severe than formerly and 
decreasing. They have resumed their former occupations in full. Tlie 
third patient showed a traumatic arthritis of both sacro-iliac joints. One 
side was operated on and relief of pain resulted, but there was >iill local 
and radiation pain present on the other side. Seven of ih.e iwenty-.-i.x 
cases have shown a stiffness in either the calf or hamstring muscle^ or 
both for varying periods of from two to six months after operation. 

27. Smith-Petersen, M. N., ami Regers, William; J. DM'.t- cc J< i:;: 5’.;:.,'. 
8:118 (Jan.) 1926. 
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Two of the twenty-six cases are reported as failures and two as partial 
failures. 

[Ed. Note. — ^The authors of this article are to be congratulated on 
the thoroughness of their study and the critical attitude that they have 
maintained. The Smith-Petersen operation represents a distinct advance 
over other methods of securing ankylosis of the sacro-iliac joint, and the 
high percentage of successful results reported by the authors speaks 
for the care with which they have selected their cases. For others, 
however, a word of caution is necessary. The indications for operation 
in cases of so-called sacro-iliac strain or relaxation are by no means 
clear, nor even among the orthopedic surgeons is there unanimity of 
opinion as to what constitutes the sacro-iliac syndrome. Ill advised 
surgery in cases in which the patient might be made well b}' properly 
managed nonoperative treatment or in cases that have been diagnosed 
erroneously will not advance the cause of orthopedic surgery and only 
tends to cast discredit on the operation. Until more definite knowledge 
has been obtained on these points the operation should be employed with 
discretion only in carefully studied and controlled cases, and the end- 
results should be compiled and reported. It is important to point out 
that the cases here reported were all chronic cases.] 

Lack of Functional Gain Following Osteotomy of the Hip . — 
Chlumsky-® has noticed that in certain cases of old hip joint disease 
with ankylosis in positions of deformity, functional improvement 
following osteotomy to correct the deformity frequently does not take 
place; in fact, the gait may be worse than before the operation. This 
is due, according to Chlumsky, to the adaptation to the deformity which 
the body has undergone during the years when it was present. Relax- 
ation of the ligaments of the knee and genu valgum is an example of 
such a process. After correction of the position of the hip the instability 
of the knee now becomes apparent, whereas before it caused no trouble. 
Static scoliosis with sinking of the pelvis is another factor. Long 
standing deformities in elderly people should therefore be approached 
with caution. 

The Role of the Tensor Fasciae Femoris in Producing Deformity .- — 
Yount believes that the tensor fasciae femoris plays an important jjart 
in the production of deformities of the leg. Its contraction causes 
permanent flexion of the hip and by its pull through the iliotibial band it 
leads to knee flexion, knock-knee, and outward rotation of the lower leg. 
Subcutaneous fasciotomy of the iliotibial band has in his hands been of 
marked benefit in securing simultaneous correction of the hip fle.xion and 


2S. Clilumsky, V’.: Zeiitralbl. f. Oiir. 52:2298 (Oct. 10) 1925. 
29. Yount, C. C: J. Bone & Joint Surg. 8:171 (Jan.) 1926. 
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knock-knee. The knee should be kept completely e.\tended during the 
correction of a flexion deformity of the hip. Simple subcutaneous 
fasciotomy is considered advisable even in mild degrees of deformity in 
cases in which all three deformities are present, as the time required 
for complete correction is materially shortened. In children above the 
age of 6 years, when all three deformities are present a more radical 
procedure is advised. The iliotibial band should be completely divided 
and in addition the fascia should be cut laterally as far as the biceps 
tendon and mesially to the middle of the anterior surface of the thigh. 

Traumatic Chondropathy of the Patella . — Traumatic chondropathy 
is a term that Fruend applies to a condition of localized ostearthriiis 
of the patella which he has observed in seven cases. He recognizes 
three stages of the process. In the first there is a localized elevation of 
a small portion of the cartilage on the posterior surface of the patella. 
The surface is intact, but the cartilage feels soft and elastic. In the 
second stage the cartilage is lacerated in several longitudinal fissures. 
This is followed by a gradual necrosis of the cartilage until in the 
third stage the subchondral bone lies bare and is rough and hard. From 
this stage the process goes on to a general ostearthritic change of the 
entire joint. The typical diagnostic sign is the production of pain by 
pressing the patella against the femur when the knee is flexed, although 
this sign is absent when the knee is extended. In the latter po^iliun 
the pain may be elicited by moving the patella firmly over the lateral 
condyle. The treatment consists in excision of the necrotic area. In 
some cases the opposing surface of the trochlea is likewise afiected and 
must also be excised. Complete recovery was obtained in all cases after 
operation. 

[Ed. Note. — Some of us have encountered this condition as part of 
a generalized ostearthritic involvement of the knee, but we would be 
cautious in regarding it as an entity or in expecting any marked 
improvement from operation.] 

Calcaneal Spurs . — Lewin emphasizes the fact that calcaneal spurs 
are not necessarily of gonorrheal origin. Other organisnrs, metabolic 
disturbances, trauma and foot strain may produce similar results. 
Painful heels and the demonstration of spurs on roentgen-ray e.xami- 
nation make the diagnosis clear. Ihe prognosis is stated to be go 'l 
unless there is an arthritis present. He warns against the remo\al of 
the spurs unless this can be done with little operative trauma. 1 he 
size of the spur has no relation to the amount of trouble it may cau.-e. 

[Ed. Note. — We do not agree with Lewin in regarding th.e 
as the cause and the painful heel as the effect. We have seen many 

30. Fruend, H. : Zentralbl. f. Qiir. 53:707 (March 20) 102n. 

31. Lewin, Philip: Calcaneal Spurs. Arcli. Surjr. 12:117 (Jan.) I'.Co 



458 


ARCHIVES OF SURGERY 


cases in which the spur had undoubtedly been present for years before 
the symptoms were noted. We regard most of these spurs as osteophytic 
manifestations of a chronic arthritis similar in every way to the lipping 
at the margins of joints. The pain is the result of an active inflam- 
matory process, often a bursitis, and with rest and protection will 
disappear even though the spur persists. Relief following operation 
in many cases is to be ascribed more to the enforced rest than to the 
removal of the spur.] 


(To be continued) 
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SURGERY OF THE LUNG 

EXPERIMENTAL LOBECTOMY AND PNEUMECTOMY * 

S. A. SCHLUETER, M.D. 

AND 

I. F. WEIDLEIN, M.D, 

CLEVELAND 

Our interest in lobectomy and pneumectomy was derived from a 
desire to remove lobes from dogs in which we had established lung 
abscesses ^ for the purpose of studying the lesion at various stages of 
development without killing the animal. In a review of the literature on 
this particular subject, one certain method was chosen which to us 
seemed to embody correct surgical principles and to which we have 
added several refinements in technic. The added danger of an abscessed 
lung with which we were confronted necessarily submitted the method 
to an unusually severe test in comparison with the experimental work 
of others in which normal dogs were used. Nevertheless, our results 
proved highly satisfactory. 

Lobectomy and pneumectomy received their first scientific experi- 
mental investigation in 1881 when Gluck - removed one entire lung in 
six dogs and fourteen rabbits. With the exception of two rabbits 
all of the animals died in between seven and ten days with pleuritis and 
pericarditis. The following conclusions were drawn; The operative 
procedure is well tolerated; the stump lives and forms part of the 
cicatrix; with careful asepsis healing will take place and no serious 
results will occur. Marcus ® in 1881 experienced similar results. Inde- 
pendently of Gluck, Schmid * likewise performed experiments in lung 
surgery. In eight partial apical resections in dogs, there were five deaths 

* From the Laboratory of Surgical Research, the Lakeside Hospital and tlie 
Western Reserve University School of Medicine. 

1. Schlueter, S. A., and Weidlein, I. F.: Postoperative Lung .Abscess: An 
E-xperimental Study, to be published. 

2. Gluck, T.; Experimenteller Beitrag zur Frage der Lungen-e.vstirpauon, 
Berl. klin, Wchnschr. 18:643, 1881, 

3. Marcus, quoted from Murphy, J. B.: Surgery of the Lung, J. .A. M- -A- 
*1:151 (July 23) ; 208 (July 30) ; 281 (Aug. 6) ; 341 (-Aug. 13) 1S9S 

4. Schmid, H. : Experimentelle Studien fiber partielle Lungenre5ekiion. Bcr . 
klin. Wchnschr. 18:757, 1881. 
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and three recoveries. Four of the deaths resulted from suppurative 
pleuritis and one from acute phenol (carbolic acid) poisoning. Block’s ® 
experiments were discouraging. All of the animals operated on, hve 
•, rabbits and four dogs, died from a septic pleurisy. Even in other experi- 
ments in which single lobes were removed from dogs, only two animals 
•recovered. The researches of Biondi « in 1882 were more successful 
and were the best obtained in these early investigations. Tubercle 
bacilli were injected into the lung with the hope of producing localized 
pulmonary tuberculosis. Rabbits, cats and dogs were used. In eleven 
total extirpations of one lung, four died from a septic pleuritis. The 
results of Zakharevitch ^ in 1890 equaled those of Biondi. He experi- 
mented on thirteen rabbits and eleven dogs. Two operations on rabbits 
and three on dogs were fatal. Mass ligation at the root of the lung was 
done with silk and iodoform was applied to the stump. In 1891 Willard ® 
performed a successful experimental pneumectomy in one dog by sutur- 
ing the stump, ligated en masse, into the wound. The disastrous results 
experienced by the first investigators were likewise experienced by 
Murphy ® in 1898. In a series of nine dogs in which pneumectomy was 
performed, there was only one recovery. Eight dogs died soon after the 
operation, usually from a septic pleuritis. 

With the exception of the results obtained by Biondi and Zakhare- 
vitch, these early experimental. lung resections were successful in only 
a small percentage of the experiments. They served, however, to show 
that the removal of a lung by ligating the hilum was possible, and that 
no dangerous sequelae arose if the element of infection was avoided. 

Green resected parts of the lung in fourteen dogs. Seven devel- 
oped a septic pleuritis. TiegeP^ considered mass ligation a primitive 
method. In three dogs in which this method was employed, the bronchus 
reopened after four days, eight days and three weeks, respectively. In 
other dogs simple ligation of the isolated bronchus resulted in pressure 
necrosis and a reopening of the lumen after from two to three days. 

Because of such poor results Tiegel developed the following technic : 
A mass ligature of silk was placed about the hilum (catgut is absorbed 


5. Block: Experimentelles zur Lungenresektion, Deutsche med. Wchnschr. 
7:634, 1881. 

6. Biondi, D. : Lungenexstirpation bei experimenteller lokalisirter Tubercu-^ 
lose, Wien. med. Jahrb., 1884, p. 207. 

7. Zakharevitch, quoted by Willard. DeForest: E.xperiments in Pneumonec- 
tomy and Pneumonotomy, Tr. Coll. Phys. 13:133, 1891. 

•; 8. Willard (footnote 7). 

9. Murphy (footnote 3). ..... 

10. Green. N. W.: The Positive Pressure Method of .A.rtific»al Respiration, 

Surg. Gynec. Obst. 2:512, 1906. 

11. Tiegel, M. : Experimentelle Studien fiber Lungen- und Pleurae i o 
ifitt. a. d. Grenzgeb. d. iled. u. Chir., supplement 3, 1907, p. 789. 
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transudate and not infected. Simple ligation of the hilum was all that 
was done. The results of Schlesinger were similarly poor. One 
lung was removed from seventeen dogs. Only five lived. The 
bronchial stump was doubly ligated with silk and covered over with a 
fold of pericardium. In the opinion of Quinby and Morse the method 
of Meyer seemed the most accurate and successful. Thirty-eight pneu- 
mectomies were performed on dogs with only eight deaths. The diffi- 
culty of pushing in a large crushed portion of the main bronchus on the 
right side was met by treating each of the primary bronchi separately. 

In 1914 Henschen suggested the procedure of introducing a roll 
or plug of fascia into the lumen of the divided bronchus and closing the 
stump over it. The problem was undertaken experimentally by Giertz,=® 
but the method was modified somewhat in that the crushed bronchial 
stump was first sutured with silk mattress sutures and then covered 
with small fascial transplants sutured with silk to the peribronchial 
tissues. This was in turn covered with pleura and pericardium. Ten 
large dogs were operated on. There were no pleural infections and 
only two fatalities from "Spannungspneumothorax." Kawamura-^ 
removed one lung from twenty-three dogs. The method as devised by 
Tiegel was usually employed, but without the proximal bronchial ligature. 
He concluded that the method of Willy Meyer was not always possible 
if the bronchial stump was too short. In only six cases could this 
method be carried out. There were only two dogs in which death was 
caused by leakage from the bronchial stump. Similar good results were 
obtained by Heuer and Dunn.=- Of the twenty-three dogs operated on 
there were thirteen recoveries and ten deaths. Six deaths were due to 
distemper and only two of the dogs died from an acute pneumothorax 
because of an intentionally poor closure of the bronchial stump. All 
the various methods previously attempted were tried and good results 

17. Schlesinger, A.: Experimentelle Untersuchungen fiber Lungenoperationen 
unter inter thorakaler Insu^tion, Verhandl. d. deutsch. Gesellsch. f. Chir. 40 
Kong. 2:448, 1911. 

18. Quinby, W. C., and Morse, G. W.: Experimental Pneumectomy: The 
Application of Data So Obtained to the Surgery of the Human Thorax, Boston 
M. & S. J. 165:121, 1911. 

19. Henschen, K. : Experimente zur intrathorakalen Lungenchirurgie, Bcitr. z. 
klin. Chir. 90:373, 1914. 

20. Giertz, K. H.: Ueber Exstirpation von Lungen und Lungcnlappen mit 

Versorgung des Bronchialstumpfes durch frei transplantierte Fascia lata. Zcntralbl. 
f. Chir. 41:1433, 1914. . , 

21. Kawamura, K. : Experimentelle Studien ueber die Lungene.xstirpation, 
Deutsche Ztschr. f. Chir. 131:189, 1914. 

22. Heuer, G. J., and Dunn, G. R.: Experimental Pneumectomy, Bull. Johns 
Hopkins Hosp. 31:31 (Feb.) 1920. 
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tures is the method of choice. The rigid cartilaginous rings continually 
tend to separate the opposed bronchial walls and if the meager blood 
supply of the bronchus is interfered with by rough and careless handling 
of the stump necrosis of the tissues and a reopening of the lumen is sure 
to follow, thereby establishing a sudden, direct communication between 
the air passages and the pleural cavity. 

The bronchus is composed mainly of cartilaginous tissue, a tissue 
that is prone to undergo degenerative changes when subjected to slight 
traumatic injury. A poor blood supply increases the existing tendency 
of such structures toward degeneration and failure to participate in a 
reparative process. Even a slight degree of trauma to the vascular 
structures about the bronchus may, therefore, interfere sufficiently with 
the blood supply to hinder or prevent healing. In any operation on the 
bronchus, great care must be taken not to dissect away and destroy too 
much of the peribronchial tissue for this tissue contains the blood vessels 
supplying the bronchial wall. The freeing of the bronchus from its 
enveloping connective tissue seems to have been an important factor in 
the failures of many investigators. 

Briefly, the ideal procedure would seem to be one in which the 
element of infection could be eliminated, and in which manipulations 
and traumatisms of the stump are reduced to a minimum. In our 
opinion successful removal of a lobe or lobes is dependent solely on 
the technic that will insure an aseptic air-tight closure of a divided 
bronchus. The invagination method, originally proposed by Meyer, with 
certain added modifications, we believe, meets such requirements. The 
method attempts to simulate the technic used in an appendectomy and 
is as follows : 

METHOD 

The dog is given a preliminary injection of one-sixth or one- fourth 
grain (0.01 or 0.016 Gm.) of morphine and anesthetized with ether 
administered by a cone. After anesthesia is complete, the animal is 
placed on the right or left side, depending on whether the left or right 
pleural cavity is to be entered. A rubber tube, slightly smaller in 
diameter than the inside diameter of the trachea, is then inserted into 
the trachea and connected to an apparatus for interrupted insufflation 
anesthesia. The thorax is shaved and the skin cleansed with soap, water, 
alcohol and mercuric chloride (1 : 3,000 solution). Sterile drapings are 
placed about the proposed incision and the entire procedure is carried 
out with a careful aseptic technic. An incision is made through the skin 

25. We have used the Erlanger double cylinder apparatus, by means of which 
air mixed with \’arying amounts of ether vapor is forced intermittently under 
slight pressure into the air passages. The air returns from the lungs through the 
space between the intratracheal tube and the trachea. 
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over and parallel to the fourth interispace extending from the sternum 
to the posterior axillary line. The platysma, latissinius dorsi and inter- 
costal muscles are cm, and the parietal pleura is punctured with a blunt 
instrument. The pleura is incised with scissors and the wound margins 
are held retracted with a self-retaining retractor, A large enough open- 
ing is produced hy this incision to permit easy palpation of any lobe of a 



Fig. 1. — The left lower lobe hilum has been exposed; the artery has been ■ 
divided between a distally placed ligature and two centrally placed ligatures; the 
bronchus is being isolated. 


lung, and the opening in the chest wall is so situated as to allow free 
access to the hilum. When the pleural cavity is entered, the degree of 
aeration of the lungs is regulated. Regardless of whether an entire lung 
or a single lobe is to be removed, the first procedure consists in isolating 
and ligating the artery. In a pneumectomy, the main branch of the pul- 
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monary artery is dissected free near the base of the heart. If only the 
lower lobe is to be removed, the vessel is freed from the vascular 
sheath lateral and posterior to the bronchus (fig. 1). The artery is 
isolated; two silk ligatures are placed centrally; one silk ligature is 
placed peripherally, and the vessel is severed between ligatures. The 
next step consists in freeing each respective lobe bronchus; Extreme 



Fig. 2. — The bronchus with attached peribronchial tissues has been ligated dis- 
tally ; the lobe has been pushed laterally, to expose the pulmonary veins which are 
about to be divided between ligatures. 


care must be exercised not to strip away too much peribronchial tissue. 
The structures are carefully dissected away from the point of entrance 
of the bronchus into the lobe to a centrally situated point that will allow 
sufficient space for the placement of two ligatures. A plexus of nerve 
fibers, including the vagus, lies posteriorly and medially in close relation- 
ship with the bronchus so that care must be taken not to disturb these 
structures. While the lung is in a deflated condition, each bronchus is 
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ligated near the Inbe with linen and the ends are left long so that the 
ihrca<ls may he used fur traction. I’lirthcr manipulations of the lobe 
can now he carried out without the danger of spilling accumulated secre- 
tions into other j)arts of the bronchial tree. Likewise, the further 
progress of the operation is not .so much interfered with after the con- 
stant relilling (tf the lobes with air ceases. 



Fig. 3. — Tlie bronchus has been crushed just central to the distal bronchial 
ligature; a ligature of no. 1 chromic catgut is being placed about the upper portion 
of the crushed area; tlie bronchus is then severed between the two ligatures with 
a knife and both stumps are cauterized with phenol and alcohol. 


The lobes are now pushed laterally to bring the pulmonary veins into 
view (fig. 2). Two or three of these vessels emerge from each lobe 
and after combining into one or two larger veins pass, directly toward 
the base of the heart. The wall of each vein is exceedingly thin and 
the vessel may easily be torn across during the dissection. After each 
vessel is ligated separately at both ends with silk, the veins are cut 
between the ligatures. The danger of further bleeding having thus been 
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eliminated, attention is directed toward treating the bronchus. At a 
point just proximal to the linen ligature the bronchus is crushed with 
a clamp and a ligature of no. 1 chromic catgut is placed about the upper 
portion of the crushed area (fig. 3). The ends of this ligature are left 
long and gauze packs are placed about the bronchus. The bronchus is 



Fig. 4. — The lobe has been removed; a purse string of no. 1 cliromic catgut 
has been placed into the bronchial wall and the stump is being invaginated. 


severed with a knife between the two ligatures, the knife is discarded, 
and both ends of the stump are cauterized with phenol and alcohol. Ihe 
gauze prevents pleural contamination. The lobe is then removed, and 
any pleural adhesions present are carefully separated by blunt and sharp 
di.s»ection. Other lobes are similarly removed. -A purse string of no. 1 
or zero chromic catgut is then placed in the bronchial wall a sln)rt 
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<Hslancc from tlie stump, care being taken that the actual wall of the 
bronchus is incluclecl in the small needle bites without perforating into 
the lumen of the bronchus. A French needle is best adapted for this 
j^urposc. With a tooth forceps the assistant firmly grasps the bronchial 



Fig. S. — (fl) Mattress sutures of silk have been placed into the bronchial wall 
across the stump; (b) the mattress sutures have been tied to reinforce the invag- 
ination; a purse string of silk has been placed into the peribronchial tissues; (c) 
the peribronchial tissue has been pulled over the layer of mattress sutures. 

wall above the purse string at a point directly opposite the purse string 
knot. With these two points held anchored, the assistant invaginates 
the stump while the operator ties the knot (fig. 4). If the purse string 
is properly placed and the two fixed points are properly selected, we 
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believe th3.t there should be no difficulty in invaginating any bronchial 
stump. We have been able to perforin this procedure in every con- 
templated instance. In the case of a primary bronchus, the stump was 
easily invaginated. To further reinforce the closure, three mattress 
sutures of silk are also placed across the stump. These sutures are 
likewise placed into the bronchial wall but do not penetrate the lumen. 
A final purse string is placed in the loose peribronchial tissue to cover 
the layer of mattress sutures (fig. 5). 

It is not necessary to attempt suture of the pleura. The opening in 
the chest wall is closed by merely placing two interrupted sutures of 
no. 1 chromic catgut about the upper and lower ribs bordering the 
wound. The sutures can be placed through holes drilled in the ribs as 
described by Friedrich,-® thereby eliminating the necessity of including 
the intercostal vessels of the lower rib. The pleural cavity can then 
be made air-tight by suturing the fascial covering of the ribs and inter- 
costal muscles. Before the pleural cavity is completely sealed, the lungs 
are inflated to expel as much air as possible. The remainder of the 
wound is sutured in layers and the skin edges are approximated with a 
buried subcuticular running stitch of silk. The closed incision is sealed 
with a collodion gauze dressing to prevent the possibility of a secondary 
infection. The wound and the entire chest are further protected with 
a bandage. If careful asepsis is observed, there is no necessity for 
further dressings. The bandage and collodion dressing are removed 
after ten days at which time the wound will be perfectly healed. 

RESULTS 

A single lobe was removed from twenty-four dogs (accompanying 
table). A septic embolus had been injected intravenously into each 
of these animals at some time previous to the operation, and in a great 
many of the experiments a lung abscess was present in the removed 
lobe. In a few of the animals in which the lesion had existed for a 
longer period of time, a healed area of fibrosis was demonstrable. 
Special precautions had to be observed in ligating and tying the bronchus 
in those operations in which we were dealing with a lobe containing a 
large abscess. The operative technic as described in the foregoing was 
not evolved until a series of experiments were performed in which 
various methods were employed to close the bronchial stump. There 
were eleven operations in which the following methods were used : 
(1) a mass ligation of the hilum; (2) a simple ligation of the bronchus; 
(3) a simple ligation of the bronchus plus a covering of peribronchial 
tissue, and (4) a suturing of the divided bronchus with silk. The ends 
of both stumps were always cauterized with phenol and alcohol. 

26. Friedrich, P. L. : Die Chirurgie der Lungeii, Arcli. r. klin. Chir. 82:1147, 
IIJO/. 



B 





s 

0 

0 

A 

0 

««CiS3SS 

•a^joja’S’S O 0 - 00 O .5 

0 

.0 

0 

0 

Xi 

0 

tH 

« 

b 

0 

« 

t-t 

P 

0 

s 

oooo.S.S'a^'S^.S.S^ 

0 

s 





•4-» 

60 

6A 

'o^'S'S'Ho’to ^.Sf'S^.rp'^ 

•M 

Cl 

ftS 

s 

5 



s 



■3 ■3 "S M 

5 -1 K 


r- 77 -I* l’3 » 

^ ^ ^ I-? >H 91 ««• 

a®* fH ^ fiH H 

^ S w w 


(M HjHfHfHfHjH pH(HjH><>H >H fH 

o rH Q-ieQ'<i<>aC9t<- COaOf^9) co *«• 

pH pH l-ipHW9ld4 91 91 


>* >* >t >t 



91 


O ;o 


r* (30 o 


CO CS O p-* 91 
pH pH 91 91 91 


10 O to 

91 91 9) 


472 


ARCHIVES OF SURGERY 


1. In the one experiment in which the hilum was ligated cn masse 
with no. 1 chromic catgut, the animal lived for twenty-three days after’ 
the operation (experiment 1, dog Y 11). At necropsy a bilateral 
empyema and gangrenous lesions in the remaining left lung were found. 
The bronchial stump was healed. The source of the infection was 
difficult to determine, but the possibility of pleural infection by bacteria 
of low virulence originating from the stump at the time of tlie operation 
had to be considered. 

2. In four experiments the bronchus was simply ligated with a 
ligature of no. 1 chromic catgut. In one animal (experiment 2, Dog 

Y 13) the bronchus reopened after four days and death resulted from 
a pyopneumothorax. Two animals (experiment 4, Dog Y 27, and 
experiment 24, dog Y 45) are still living and one (experiment 3, 
dog Y 14) was killed after eighty-seven days because of mange. The 
healed bronchial stump consisted of dense fibrous tissue. 

3. In five experiments the ligated stump was covered with peri- 
bronchial tissue by using a purse string suture of silk. One animal 
(experiment 6, dog Y 9) died after twenty-nine da)fs from a bilateral 
anpyema and one (experiment 8, dog Y 21) after fifty-seven days from 
a bilateral empyema and lung gangrene. Another (experiment 10, clog 

Y 30) in which the cause of death could not be determined died on the 
thirty-first postoperative day. At necropsy no lesions of the lungs or 
pleura could be found. In each of these three dogs the bronchial stump 
was healed. It was difficult to understand why the signs of fatal pleural 
infection were not recognized until late in the postoperative period. The 
dogs seemed to be well until a few days preceding death. In each case the 
wound in the chest wall had healed by first intention, and, as previously 
discussed, the infection probably originated from bacteria of low viru- 
lence carried to and implanted on the pleura from the stump at the time 
of the operation. The other two animals (experiment 7, dog Y IS. and 
experiment 9, dog Y 24) are still living. 

4. In the fourth method the severed bronchus was closed with a 
continuous suture of silk. The postoperative course was uneventful and 
the dog is still living (experiment 11, dog Y 43), 

In the thirteen remaining experiments the bronchial stump was 
treated by the invagination method and in none of these animals did 
sloughing or reopening of the stump occur. Only two deaths were 
attributed to the operative procedure. In experiment 22, dog Y 41, 
death occurred on the second day following operation. At necropsy a 
marke<l consolidation of the right middle and upper lobes was found, 
but the pleural cavities were free from infection. Death probably 
resulted from a bronchopneumonia. A bilateral empyema was respon- 
sible for the second death (experiment 24. dog Y 44). The wound in 
the chest wall was grossly infected. The bronchial stump was securely 



SCIILUETER-WEIDLEIN—SURGERY OF LUNG 473 

closed so that the pleural infection probably resulted from a break in 
the aseptic technic. One animal (experiment 15, dog Y 31) died forty 
days after operation but the cause of death was not determined. At 
necrop.sy marked emaciation was the only observation. Distemper was the 
cause of the death in e.xpcriment 17, dog Y 36. At the time of the 
production of the lung abscess the animal already had some signs of 
distemper, viz., cough, apathy, anorexia and a slight purulent discharge 
from the nostrils. At ojieration twenty-one days later, the right lower 
lobe contained a large abscess and the right middle lobe was completely 
consolidated. It was decided to give the operative technic a critical 
lest, ami the consolidated lobe was likewise removed. The animal was 
quite ill during the first few days following the operation; the nasal 
discharge was quite profuse and at times quite hemorrhagic. For a 
time, however, the general condition seemed improved, but the animal 
failed to overcome the infection and death occurred on the thirteenth 
postoperative day. At necropsy the remaining lobes of the lung showed 
the typical distemper conditions. Both pleural cavities, however, were 
free from infection and the bronchial stumps as well as the external 
chest wound were perfectly healed. This would seem to illustrate how 
the pleural cavity can be entered with perfect safety even in the presence 
of severe pulmonary infections if rigid aseptic technic is adhered to. 
The foregoing case illustrates also how entire lobes can be removed if 
the bronchus is recognized as being infected and is dealt with accord- 
ingly. With the exception of one animal, which was killed in a fight, 
the remaining animals are still living. 

The following typical protocol illustrates the invagination method: 

PROTOCOL 

Exi’EitiMEXT 17. — Doff Y 36, weighing 13.2 Kg., Nov. 23, 1925, was given one- 
fourtli grain (0.016 Gm.) of morphine. Thirteen days previously a septic embolus 
had been freed into the jugular vein. Subsequent roentgenograms had shown a 
developing abscess in the right lower lobe. On the day preceding lobectomy, the 
right middle lobe was seen to show consolidation (fig. 6). The dog had had 
distemper for some time, and it was thought that the consolidated right middle 
lobe was a part of the disease. Under ether intratracheal insufflation the animal 
was anesthetized and the right pleural cavity was entered through the fourth 
intercostal space. Examination revealed no adhesions about the lower lobe. The 
middle lobe was solid and reddish with numerous white areas presenting on the 
surface of the lobe. The lower lobe was first removed. The pulmonary artery 
to the lobe was isolated, ligated and sectioned between ties. The bronchus was 
then isolated and ligated distally with linen. The veins were ligated distally and 
centrally and severed between ligatures. The bronchus was then crushed with a 
clamp just central to the linen ligature. A ligature of no. 1 chromic catgut was 
placed about the crushed area, the bronchus was cut across between the ligatures 
with a knife, and both stumps were cauterized with phenol and alcohol. A purse 
string of no. 1 chromic catgut was placed in the wall of the bronchus, and the 
stump was invaginated. The stump was further reinforced with three mattress 
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sutures of silk and a peribronchial purse string gave additional covering. The 
right middle lobe was similarly treated. The .pleural cavity was closed with two 
pericostal sutures of no. 1 chromic catgut, and the wound was closed in layers 
with a running stitch of silk. A buried subcuticular stitch approximated the skin. 
The lower lobe showed a large abscess (fig. 7), and the middle lobe showed a 
diffuse bronchopneumonia. 



Fig. 6. — Dog Y 36, experiment 17, nineteen days after an infected embolus had 
been released into the jugular vein; the bit of lead contained iti the emlwlus indi- 
cates the position of the thin walled abscess cavity in tlie right lower lobe: the 
area of density in the region of the right middle lobe shows the degree of lung 
consolidation, the result of a complicating distemper. The right middle and lower 
lobes were removed the following day. 

November 25, the dog appeared quite ill. .-V purulent, hemorrhagic discharge 
exuded from the nostrils. There was an occasional cough. 

November 30, the dog appeared to be improving steadily. Tlie nasal discharge 
was less in amount, the cougli was less severe, and more food was eaten. The 
e.xternal wound had healed by first intention. 
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December 6, tlie animal was found dead in bis cage. The symptoms had 
gradually become more pronounced. At necropsy a hemorrhagic, purulent exudate 
was present throughout the bronchial tree. There was a small amount of clear 
hemorrhagic fluid in both pleural cavities. There were no pleural adhesions. The 
bronchial stumps were well healed. The remaining lobes of the lung had the 
characteristic rlistemper appearance. 

In four (lojjs one entire lung was removed according to the invagina- 
tion metliod l)y treating each respective lobe bronchus separately. Three 



Fig. 7.— The right lower lobe of Dog Y 36, experiment 17, removed at opera- 
tion ; a section taken through the specimen shows the contained abscess cavity. 


dogs (experiment 25, dog Y 50; experiment 26, dog Y 53, and experi- 
ment 28, dog Y 60) are still living. Dog Y 50 had an abscess in the 
right lower lobe. The lung removed from dog Y 53 contained no 
lesion. Dog Y 60 had an abscess in the right middle lobe. One dog 
(experiment 27, dog Y 59) in which the left lung was removed died 
on the fourth postoperative day. The lower lobe contained a large 
abscess and many pleural adhesions were present at the time of the 
operation. The pleural membranes were markedly inflamed, and it was 
thought that the dog would probably not survive the operation. We 
were forced to close the pleural cavity because of the inadvisability of 
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external drainage which in a dog would certainly produce a fatal pneumo- 
thorax. We were not surprised, therefore, to find a well developed 
empyema at necropsy. The bronchial stump had remained closed. In 
this particular experiment invagination of the left primary bronchus 
was done. 

CONCLUSIONS 

It is evident that direct comparisons cannot be drawn between these 
experimental results and the results obtained by other investigators. 
The majority of the lobes removed in the foregoing experiments con- 
tained abscesses in various stages of development, and the possible 
danger of pleural infection following operation was therefore greatly 
increased. Realization of this handicap necessitated extreme care in the 
removal of such a lobe and because of the many failures others have 
experienced in removing one lobe or an entire lung in which our added 
complication was not present, we felt somewhat dubious about the final 
outcome. In the first experiments, therefore, we were content in 
removing only the abscessed lobe. However, our results with lobectomy 
were encouraging, and the successful removal of a lobe containing an 
abscess we attribute to the avoidance of infection from the bronchial 
lumen. A method was devised which would recognize and eliminate 
this possible source of infection and which would simulate as nearly 
as possible the technic employed in an appendix operation. This 
method, we believe, can be applied to any sized bronchus, although we 
cannot submit sufficient experimental proof. Invagination of a primary 
bronchus was, however, easily accomplished in one pneumectomy experi- 
ment. Moreover, our experiences have led us to feel that it is not 
necessary to attempt closure of a primary bronchus in the dog. The 
risk that an inadequate closure of this structure entails need not be 
taken. Each bronchus to a lobe can be treated separately as was done 
in three of the pneumectomy experiments. 

Our results also substantiate the work of others that an entire lung 
can easily be removed from dogs, that the animals survive the operation, 
that they remain free of any deleterious sequelae, and that the severed 
bronclius heals b}' scar tissue formation providing infection has not 
been introduced. 

Clinically, the removal of a lobe of a lung would seem to be a 
less hazardous procedure if infection from the bronchial lumen were 
avoided. The method devised in this experimental work may be of 
some assistance in securing an aseptic air-tight closure of a bronchus in 
clinical cases. 



ABSCESSES AND INFLAMMATORY TUMORS IN THE 
SPINAL EPIDURAL SPACE (SO-CALLED 
PACHYMENINGITIS EXTERNA) * 

WALTER E. DANDY, M.D. 

B.VLTIMORE 

Two recent cases of inflammatory tumors in the spinal epidural space 
IJresented a picture then unknown to us from a series of spinal cord 
tumors. In one of the cases the lesion, a tubercle, developed so rapidly 
as to suggest an extradural abscess ; the other, of several months’ dura- 
tion, was looked on as a tumor, despite the high cell count, until the 
presumed level of the growth was carefully marked out preparatory to 
operation. When the predicted level of the tumor was found to be 
identical with an old scar over the spine of a dorsal vertebra, the diag- 
nosis of some inflammatory lesion affecting the cord, though of ill-defined 
character, appeared to be a probability. When the history had been 
taken, the jiatient expressed the belief that his trouble dated from a 
severe carbuncle of which this directing scar was the result. About the 
same time my associate, Dr. Frank Ford, recalled an almost identical 
case, an inflammatory extradural mass, the symptoms of which followed 
closely on a carbuncle of the back and continued to increase long after 
its healing. Curiously, these three inflammatory tumors were situated at 
almost the same cord level and all were confined to the dorsal side of the 
spinal canal. These facts seemed to suggest not isolated and bizarre 
spinal infections but rather examples of a well defined type and doubt- 
less also dependent on an anatomic background. 

A search of the literature revealed not only a few additional inflam- 
matory extradural masses but also a greater number of acute purulent 
infections in the epidural space. Strangely enough most, but not all, of 
these were confined to the same thoracic level and in each the infection 
was restricted to the dorsal half of the epidural space. There was, 
moreover, another fact that defined these primary infections as of a 
special type; namely, similar extradural infections apparently do not 
develop in the cranial chamber. These infections, therefore, whether 
acute or chronic, seemed to occur (1) only in the spiml epidural space, 
(2) only in the dorsal half of the spinal canal, and (3) principally in 
the thoracic region. 

An explanation of these findings was sought in the anatomy of the 
spinal epidural space. However, the current textbooks of anatomy were 
of little assistance for in none did the epidural space receive more than 

* From the Department of Surgery, the Johns Hopkins University Medical 
Department and Hospital. 
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brief mention. Dissection of a cadaver shows 'that the spinal extradural 
space is present only dorsal to the spinal nerve attachments. Ventral to 
the nerves the dura is everywhere closely applied to the bones of the 
vertebrae and their ligaments from the first cervical to the second sacral 
vertebra. Below the second sacral bony segment the epidural space 
surrounds the dura on all sides. The epidural space is filled with fat 
and loose areolar tissue containing numerous veins. 

Of greatest importance are the variations in the size of the epidural 
space. In the cervical region the space is only potential, there being only 
a few strands of fibrous tissue and almost no fat between the laminae and 
dura. The epidural space really begins to appear at the seventh cervical 
vertebra and gradually deepens along the thoracic vertebrae, attaining a 
depth of about 0.5 to 0.75 cm. between the fourth and eighth dorsal ver- 
tebrae. The space tapers again and becomes shallow between the eleyenth 
thoracic and second lumbar vertebrae. Over the remaining lumbar and 
the first and second sacral vertebrae the epidural space attains its greatest 
depth. At the second sacral vertebra the dural envelop ends and a con- 
tinuation of the epidural tissue fills the caudal end of the sacral canal. 
Only at the lower terminus of the spinal dura does the extradural space 
extend ventrally ; here for a short distance the dura is encircled by the 
epidural fat and areolar tissue. The size and shape of the epidural space, 
therefore, appear to be secondary to the variations in size of the spinal 
cord. Absent over the cervical enlargement and nearly so over the lum- 
bar swelling the epidural space becomes deepest where the spinal cord or 
the mass of its roots is smallest, i. e., in the upper dorsal and lower 
lumbar sections. And the space exists only on the dorsal aspect of 
the dura. 

The spinal epidural space is therefore filled with tissues — fat and 
loose areolar — ^\vhich offer a foothold for current hematogenous infec- 
tions, and the intraspinous location of these tissues makes trauma an 
important inciting agent in the development of hematogenous infections. 

Whether the epidural fat performed any normal function other than 
serving as a padding can hardly be answered unequivocally. It is easy to- 
believe that it acts as a buffer to trauma but such a protective function 
would appear to be particularly called for in the cervical region, and 
here the fat is absent. Nevertheless, it would seem to ser\'e some buffer 
function to direct traumatic insults in the rigid thoracic region. Under 
certain pathologic conditions the epidural fat is of no little diagnostic and 
therapeutic value. Practically all spinal cord tumors cause this bed of 
fat to be absorbed by continuous pressure; in this way the pressure of 
the tumor on the cord is withheld for a time to a degree commensurate 
with the volume of the fatty tissue that is destroyed. 

During operations for spinal cord tumors the presence or absence of 
epidural fat, in the thoracic and lumbar but not in the cervical canal,. 
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is carefully noted and considered a sign of great value. If fat is present 
a tumor beneath the dura is unlikely though not impossible, whereas the 
absence of fat indicates pressure absorption and, therefore, an under- 
lying neoplasm. The recent work of Peters ^ should be mentioned in 
this connection. He has shown a frequent involvement of the epidural 
tissues from primary infections of the spinal meninges. We have, how- 
ever, found no other reports of persisting epidural infections after cures 
in any form of meningitis. 

We are not concerned in this article with the most common exten- 
sions of tuberculous infections from the bodies of the vertebrae into the 
spinal canal. Such infections are easily recognized by the characteristic 
picture of vertebral destruction in association with the evidences of 
spinal compression. ^Moreover, the epidural space is involved in these 
cases only because it lies in the path of further e.xtension of the tuber- 
culous process and not because of any peculiar characteristic of the 
space or its contents. Furthermore, in paraplegia associated with Pott’s 
disease surgery is contraindicated; at least up to this time the results 
obtained by laminectomy have not been helpful and have usually 
done harm. 

Nor shall we consider here those remarkable chronic inflammatory 
hypertrophies of the cervical region described by Charcot and Joffroy 
as pachymeningitis cervicalis hypertrophica, nor the more extensive dural 
hypertrophies, involving the entire length of the spinal dura, described 
by Mills and Spiller.- These proliferations of fibrous tissue, gradually 
increasing the bulk of the dura on its inner side, grow into and slowly 
strangle the spinal cord, causing symptoms that are said to resemble 
syringom 3 'elia. These rare diffuse increments probably arise from the 
dura; their origin is considered to be syphilitic. Weinberg® has only 
recently described a localized mass of fibrous tissue arising from the 
inner side of the dura and compressing the cord. Although he makes 
a probable diagnosis of tuberculosis from the histologic picture of giant 
cells, the Wassermann reaction in the spinal fluid was positive. It would, 
therefore, appear justifiable to question whether the lesion might not 
have been a gumma, the more common primary dural affection. 

ACUTE INFECTIONS IN THE EPIDURAL SPACE (l) 

Abscesses of the epidural space arise in two ways: (I) by direct 
extension of a contiguous infection, and ( 2 ) by metastasis through the 
blood stream. 

1. Peters, R. : Ueber die Entzundung der Extraduralen Gewebes des 
Ruckenmarks bei der Genickstarre, Deutsche med. Wchnschr. 32:1151, 1906. 

2. Mills, C. K., and Spiller, W. G'.: Case of External Pachymeningitis, 
Implicating the Entire Ventral Surface of the Spinal Dura, Brain 25:318, 1902. 

3. Weinberg, M. H. : Spinal Cord Tumors; Six Cases Including Tuber- 
culosis of Dura, J. Nerv. & Ment. Dis. 63:23 (Jan.) 1926. 
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Albers, 1833, from Germany has been credited with first reporting 
an acute infection of the epidural space. Ducheck, 1853, gave to this 
condition the name peripachymeningitis, which was later changed to 
pachymeningitis externa. Cases have been reported under both titles. 
As will be shown later, both appellations are misnomers for the infec- 
tions are not of the meninges as was then supposed but of the tissues 
of the epidural space. 
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In three cases, of Lewitzky,‘“ Spencer, and Hinz,^^ necropsy 
revealed no other infection in the body; the abscesses were therefore 
assumed to be primaiy in the epidural space. Although Hinz assumed 
the infection to have probably arisen from a puerperal thrombosis, the 
extrathecal infection appeared four weeks after a normal pregnancy, 
the first symptom of the fatal illness being uterine bleeding; no evi- 
dence of uterine infection was found at necropsy. Trauma appears to 
have been an inciting agent in the case of Kaminski and, according 
to Cassirer, in cases reported by Runge and Pulvirenti. 

A study of the accompanying table of acute epidural infections 
discloses several striking facts. There have been only two recoveries in 
the entire series of twenty-five cases (Pulvirenti, Taylor and Ken- 
nedy '■) : both of these followed drainage of the infection. Apparently 
in only the four cases subjected to operation was a diagnosis even 
suspected before the necropsy findings, and except in Taylor and 
Kennedy’s case there is no evidence to indicate that the nature of the 
lesion was more than roughly guessed. Without exception the acute 
infections have been fulminating, death usually resulting in two or three 
weeks; the minimum duration of life is six days and the maximum 
thirty days. 

How effective operative treatment will be for abscesses of this char- 
acter can, of course, only be conjectured. Much will necessarily depend 
on the virulence of the organism, the resistance of the patient and the 
extent of the infection in the epidural space. Tightly sealed within the 
vertebral canal, an abscess can hardly rupture into the soft tissues and 
be spontaneously cured. The only possible avenue of escape would be 
through an operative defect in the laminae. 

At first glance it might appear that the structure of the epidural 
space would preclude any practical operative drainage. From the high 
cervical region to the sacral canal the epidural space is continuous, i. e., 
it is not intercepted by mechanical barriers. But relatively poor as fatty 
tissue is known to be in combating infections, it is actually able to build 
a barrier of inflammatory tissue and restrict the acute infection to a 
small fraction of the epidural space. It is not improbable, in fact it 
seems more reasonable to believe, that the resistance to infections in 
the epidural space is largely due to the vascular areolar tissue and not 
to the fat. In only two (Kaminski, Spencer of ten cases in which 
the location of the abscess has been mentioned has the infection spread 

10. Lewitzky, P.: Ein Fall von Peripachymeningitis spinalis, Berl. klin. 
Wchnschr. 14:227, 1877. 

11. Spencer, N. H. : Case of Idiopathic Inflammation of the Spinal Dura 
Mater, Lancet, June 14, 1879, p. 836. 

12. Hinz, R. : Ueber einen Fall von Perimeningitis purulenta, Deutsche med. 
Wchnschr. 47:1229 (Oct. 13) 1921. 
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throughout the length of the epidural space. In such instances operative 
efforts would necessarily be fruitless. In those cases in which the infec- 
tion has been walled off, there is every reason to believe drainage would 
result in a cure. 

Doubtless operative results will always be dependent on the stage 
at which the diagnosis is made. It would appear probable that an 
abscess though at first walled off must, when increasing rapidly and 
becoming tense, break its plastic barriers and spread up and down the 
epidural space. An early diagnosis followed by operation may well 
prevent diffusion and facilitate restriction of the infection. It is for- 
tunate at least that the epidural space and its infections are located on 
the dorsal side of the spinal dura. Were the abscesses situated ventrally 
drainage would be extremely difficult if not impossible. 

There should be little if any difficulty in arriving at a diagnosis of 
an epidural abscess when the signs of spinal cord compression (accom- 
panied by fever and leukocytosis) develop and the level of the spinal 
cord injury is contiguous to a preexisting infection. Nor would it 
appear that the diagnosis of hematogenous abscesses of the epidural 
space would offer insuperable obstacles. In fact the signs and symptoms 
of this group (I) seem to be sufficient distinctly to suggest a clinical 
entity. In practically all of these cases the symptoms of onset is a 
terrific, almost unbearable and unrelenting pain (1) in the back, or 
(2) along the course of the spinal nerves (bilateral), or (3) in the 
legs. In a previous article these types of pain have been attributed, 
when caused by spinal cord tumors, to involvement of (1) the vertebrae, 
f2) the spinal nerves, and (3) the sensor}'’ paths in the spinal cord. 
But these pains are much more severe and persistent in inflammations 
than when due solely to pressure from a tumor. The pain in spinal 
tumors, or in fact in any other proved lesion, though seemingly of the 
same kind, cannot approach in severity or persistence the pains of 
infection of the epidural space. 

The next most impressive evidence of abscesses of the epidural 
space is the latent period of a few days (from four to nine) between 
the time of onset of the excruciating pain and motor, sensory and 
sphincter paralysis. In every instance paraplegia, as well as sensory and 
sphincter loss, has either been sudden or has become complete within 
forty-eight hours after its onset. In nearly all cases there has been a 
sharp bilateral sensory level which may or may not have ascended, doubt- 
less depending on whether the epidural abscess has extended upward or 
has remained localized. In addition to this characteristic story there is 
always high fever, tachycardia, leukocytosis (18,000 in three cases) and 
probably always tenderness and rigidity of the spine. Although there are 
few records of examinations of the spinal fluid (in two cases organi.->nis 
were grown in cultures of the cerebrospinal fluid, possibly becau.se the 
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needle passed through the epidural infection) there must always be an 
increased cell count (polymorphonuclear cells) as the reaction to an 
adjacent acute infection. Manometric tests have also not been made in 
these cases but since the paralyses are evidence of spinal cord compres- 
sion, a complete block of the spinal canal must surely exist. Such a 
block was demonstrated in both of our inflammatory tumor cases, in one 
of which the symptoms of spinal cord involvement developed almost 
as suddenly as in any of the acute abscesses. Whether an acute epidural 
abscess may eventually be diagnosed before implication of the spinal 
cord and before the appearance of a spinal block remains to be seen. 
At least a pain that appears so distinctive should put us on guard for 
the earliest sensory or motor changes. Experience has taught us that 
the more rapidly spinal compression causes paraplegia* the more slowly 
recovery takes place after its relief. Gradual compression of the spinal 
cord allows a remarkable adjustment to the tumor’s bulk; often the 
spinal cord may be reduced to half its cross sectional volume with little 
or no loss of function, but after the removal of a slowly growing tumor 
the recover)' of function is very rapid. 

The sudden onset of paraplegia in these cases has led to the diagnosis 
of myelitis or even of thrombosis or embolism. All these conditions 
should be eliminated by the excruciating pain which for several days 
precedes paralysis, by the tenderness and rigidity of the spine and by 
the demonstration of a spinal subarachnoid block. Although meningitis 
might appear possible because of rigid neck, a positive Kernig’s sign, 
fever and leukocytosis, the sensory and motor level and the cerebrospinal 
fluid examination,. together with the absence of a spinal subarachnoid 
block, should easily exclude this diagnosis. The possibility of an abscess 
of the spinal cord might also be considered but the interval of pain that 
precedes paraplegia in epidural abscesses would doubtless be absent. 

INFLAMMATORY EPIDURAL TUMORS (ll) 

The story in this group of cases is very different. While the pain 
is of the same general character and extremely severe, it lacks the very 
sharp onset; it is less fulminating and is prolonged over a period of 
weeks or months instead of days. The latent period preceding paralysis 
is far longer and the paralysis is usually slow in developing and usually 
incomplete. In brief all manifestations are chronic instead of acute. 
In only two cases (Stroubell,“ Dandy ^*) did the symptoms of spinal 
cord compression appear suddenly, and only in these instances and a case 

13. Stroubell: Ueber Syphilis der Riickenmarkshaute, Neurol. Centralbl., 
1898, p. 1120. 

14. Dandy, W. E. : The Diagnosis and Localization of Spinal Cord Tumors, 
Ann. Surg. 81:223 (Jan.) 1925. 
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of Lewis and Bassoe was the paraplegia complete. In the remaining 
cases the motor, sensory and sphincter changes developed so slowly (from 
three months to two and one-half years) as to suggest tumors rather 
than infections. Four of these tumors have been described as syphilitic 
or tuberculous because of the histologic demonstration of giant cells 
and occasional tubercles. Since the histologic differential diagnosis 
between syphilis and tuberculosis is so often impossible, it is not safe to 
assume that all of these cases are due either to syphilis or tuberculosis. 
In our patient syphilis was excluded by the negative Wassermann reac- 
tion in both the blood and the spinal fluid. Tuberculosis seemed more 
probable because of her race (colored), but tubercles could not be 
definitely demonstrated in sections of the tumor nor was there any other 
evidence of tuberculosis in the body. She has, moreover, remained well 
and free of any s>Tnptoms or signs of tuberculosis since the operation, 
over two years ago. In her case trauma seemed to play a definite inciting 
role; at least she refused to yield from her original story that a pain 
developed immediately after a blow on the spine and that it persisted 
in the same spot. And precisely at that spot the tumor was found at 
operation. A remarkable feature of this case is that an inflammatory 
tumor probably existed eight months (its gross appearance also supports 
the slow growth of the tumor) before any symptoms of paralysis and 
then paraplegia became complete in three days, and without abscess 
formation. 

Four cases of this group would appear to be of staphylococcus 
origin, those of Schultze,^® Mendel^" and Dandy “ (two). In our two 
cases the organisms were identified by cultures. In the cases of 
Schultze and Mendel the infections were probably of metastatic origin. 
In our two cases the epidural infections were undoubtedly due to the 
direct extension of tlie outskirts of deep middorsal carbuncles. These 
two cases strikingly demonstrate how differently infections are handled 
by different tissues. In both of our cases the original carbuncle in the soft 
tissues of the back had long since healed (five and thirteen months) 
leaving only a scar, whereas at the end of this time the areolar and fatty 
tissues of the epidural space were still struggling to wall off the same 
organisms, which could not be destroyed. In slowly subduing these 
infections the newly formed inflammatory tissues assumed the propor- 
tions of tumors. That living organisms were still present in the connec- 
tive tissue masses was demonstrated by bacterial stains of the sections, 

15. Lewis, Dean; and Bassoe, P.: Frazier’s Surgery of the Spine and Spinal 
Cord, 1918. p. 922: Surg. Gynec. Obst. 20:489, 1915. 

16. Schultze, F. : Zur Diagnostik und Operativen Behandlung der Ruckcn- 
marks hautgeschwulste, Mitt. a. d. Grenzgeb. d. Med. u. Chir. 12:153, 1903. 

17. Mendel, K. : Meningo myelitis unter der Bilde eines Ruckenmarkstumora, 
Berl. klin. Wchnschr. 46:2239, 1909. 
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by the presence of minute abscesses in the connective tissue and in one 
case by the growth of Staphylococcus aureus from cultures of the tumor 
at operation. Moreover, in both these cases the infection was again lighted 
up by the trauma incident to the operation; the wounds promptly broke 
down and from one wound Staphylococcus aureus was grown in culture. 

In all these chronic inflammatory tumors (except in Lewis’ case) pain 
in the back, though far less excruciating than in the epidural abscesses, 
has been much more severe than from neoplasms whether of intradural or 
extradural origin. The cell count from the cerebrospinal fluid in our 
three cases was 9 (tubercle), 15 and 53 — ^all lymphoc 3 rtes. 

The age of the patients afflicted with inflammatory tumors averages 
higher than of those with abscesses. The series of cases is, however, too 
limited to warrant conclusions on this point. It is also worthy of note 
that with one exception these inflammatory tumors have been in the 
thoracic epidural space and nearly all between the third and ninth 
vertebrae. Again the series is too small to allow us to consider this too 
significant. Two facts, however, are suggested as a possible explanation 
of this greater incidence in the thoracic region: (1) carbuncles and 
furuncles are more common in the thoracic than the lumbar region; 
(2) spinous processes are more superficial in the thoracic region and 
therefore the spine is protected by less soft tissues and is also more 
susceptible to trauma. 

All the tmnors have been well formed and firm. In one of our cases 
it was of cartilaginous consistency and so tightly bound to the dura 
that considerable force and sharp dissection with a periosteal elevator 
was necessarj' to strip it from the dura. The masses of inflammatory 
tissue averaged about 1 cm. in depth; the longest was 12 cm. One of 
ours weighed 15 Gm. 

In our three cases the tumor was removed. An equally good result, 
however, was obtained by Lewis by a simple decompression laminec- 
tomy. It is interesting that in his patient operation was delayed over t\vo 
months to allow the completion of a full term pregnancy. It is also 
worthy of note that pain was not a conspicuous feature in the case — ^the 
sole exception — through the involvement of the fat with inflammatory 
tissue seemed similar to the other cases in this group. 

REPORT OF THREE CASES OF CHRONIC INFL.AMHATORY TUMORS 
OF THE EPIDURAL SPACE 

Case 1. — A large, well nourished man, aged 42, was referred by Dr. L. F. 
Barker because of gradually progressive paraplegia and anesthesia, sug- 
gestive of a spinal cord tumor. The patient persisted in dating his illness from 
a carbuncle and a series of boils in the back thirteen months before. During 


18. Campers, E. : Beitrag zur Pathologie und Therapie der Erkrankungen 
der Cauda Equina, Jahrb. f. Psychiat. u. Neurol., 1920, p. 40. 
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this illness he suffered severe pains in the back and sides and after healing of 
the infection the character and the intensity of these pains persisted. For 
the following six months the pains steadily increased; all efforts to allay 
them were futile. Since then the pains in the sides has been present only 
at times but the terrible backache had remained practically unchanged. 

Three months previously numbness appeared almost synchronously in both 
legs. Two weeks later the patient’s gait became affected and it was soon necessary 
to use a cane in walking. Loss of equilibrium and of motor power progressed 
gradually. One month later both legs became spastic and involuntary jerk- 
ings (he aptly termed them “convulsions”) appeared. The spastic contractions 
became so powerful that it was often impossible voluntarily to counteract the 
muscular pull. At times the legs would be fixed in the extended position and 
again strongly flexed at the hips and knees. The contractions were very painful. 
The numbness seemed gradually to extend up the legs and abdomen and finally 
settled at a level above the umbilicus. Girdle pains and a feeling of con- 
striction developed and persisted in this region. Sneezing produced a queer 
tingling in his feet. 

On admission he was able to walk a -few yards with great effort and only 
jvheu supported, but as attempts at walking brought on the painful clonic 
contractions he was reluctant to stand. All motor and sensory functions in 
the upper extremities were normal. 


Dr. Barker’s examination showed in addition to the motor loss a sharp girdle 
of hyperesthesia at the eighth thoracic segment with marked loss of sensation 
to pain, touch and temperature below this level ; almost complete loss of muscle 
sense in both feet; greatly exaggerated knee kicks and Achilles reflexes; a 
bilateral positive Babinski reflex and ankle clonus. The epigastric reflexes were 
obtainable but the abdominal and cremasteric reflexes were absent. There had 
been no incontinence of urine or feces. Examination of the spinal fluid showed 
xanthochromia, heavy globulin and fifty-three lymphocytes. 

It was Dr. Barker’s opinion, in which I concurred, that the patient’s condi- 
tion was due to a spinal cord tumor, the localization of which was quite 
accurately determined by the sharp girdle of altered sensation. We were dis- 
turbed by the high cell count and heavy globulin, neither of which could be 
satisfactorily explained. 

Despite the patient’s persistence in associating his symptoms with the series 
of boils on his back thirteen months before, there seemed to us little possibility 
of lesion from this source at this late date. However, when according to 
custom the presumed site of the tumor was scratched by a scalpel for operative 
localization the marker bisected a round scar over the sixth thoracic spine, 
obviously the scar of an old carbuncle. The association of the scar and the 
marker for orientation was too striking to disregard as a coincidence. At once 
it seemed that there must be some relationship between the old inflammatory 
process and his tumor. Accordingly I dropped out of the operation to convey 
this impression to Dr. Barker but both of us felt that the lesion was such as 


to require exploration. 

At operation when the laminae of the sixth and seventh vertebrae were removet 
a reddish brown mass at once appeared in lieu of the normal extradural fat. 
The tumor was so fibrous and lacking in cellular elements that an extradura 
sarcoma, the only likely form of tumor in this location, appeared inconceivab c. 
It was thought to be an inflammatory mass. Frozen sections verified t n» 
diagnosis. To get above and below this growth it was necessary to remove 
extra laminae, the fifth and eighth, i. e., the laminae of four vertebrae in a 



DANDY— PACHYMENINGITIS EXTERNA 


491 


Epidural fat was then encountered both above and below the tumor mass and 
dissection was begun from below upward. The mass was so tightly bound 
to the dura and it so overhung the lateral- margins of the dura that dissection 
in toto made no progress. The tumor was then bisected longitudinally in the 
midline, which was the deepest part of the mass ; it presented on cross section 
a semilunar shape. Even then blunt dissection of the tumor was impossible. 
So tightly was the tumor bound to the dura and -so hard was the tumor that 
I believe the spinal dura could have been pulled from its attachment before 
the mass would have separated or the tumor broken. With a sharp periosteal 
elevator the mass was cut away from the dura, there bemg scarcely a 
suggestion of a line of cleavage. The inflammatory mass after removal 
measured 11 cm. long, 2 cm. deep, and was as wide as the spinal dura which 



Rigid mass of inflammatory tumor removed from the epidural space in 
case 1 ; microscopically the' tumor was purely inflammatory. 


it covered; it weighed 15 Gm. Minute foci of cellular tissue were seen 
throughout a cut section of the tumor,, also little islands of infiltrated 
fat. There was no evidence of pus. Under the microscope the cellular foci 
were seen to be miliary subacute abscesses, polymorphonuclear cells pre- 
dominating. They were surrounded by dense walls of fibrous tissue. Unfor- 
tunately cultures of the tissues were not made at operation. 

The entire wound quickly broke down from infection. Staphylococcus aureus 
was grown from cultures of the wound, the organisms doubtless liberated from 
the miliary abscesses of the tumor and stimulated to renewed activity by the 
operative- trauma. 
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Two months after operation the patient was discharged with the wound 
healed. Recovery of function, though slow, has been gradual and complete. 
Two and a half years later he remains perfectly well. 

The tumor, therefore, is of inflammatory character. It surely arose from 
direct extension of the infection of an old carbuncle of the back (thirteen 
months before operation) into the extradural fat. 

Case 2. — ^The second patient was a colored woman, aged 27. She was 
admitted to the medical service of the Johns Hopkins Hospital because of a 
rapidly progressive paraplegia. Eight months before she fell down three or 
four steps, striking her back in the upper thoracic region. She spent the day, 
in bed because of pain in her back and side. The pain in the back had persisted 
without remission, but the pain in the side had disappeared at times, though 
the longest free interval has not been greater than a week. The pain in the 
back was dull and aching; that in the chest, sharp and cutting. She had not 
been able to bend forward, even to look down, because any movement of 
the back intensified the backache. For the last three weeks the pains in the 
back and chest had been particularly severe; they “cut off her wind” if she 
bent her body. 

Nine days before operation both legs suddenly gave way so that she could 
scarcely walk. A loss of sensation developed synchronously and rapidly 
extended upward until a sharp level was reached at the lower costal margin 
on both sides. She volunteered that she had since been unable to contract her 
abdominal muscles. 

Seven days before admission she developed incontinence and three days 
later incontinence gave way to retention, catherization being necessary. There 
had never been spasticity. 

Examination showed total flaccid paralysis of both legs ; the upper 
extremities were unimpaired. A sharp sensory level crossed the thorax just 
below the xiphoid process; below this line there was complete anesthesia to 
pain, touch and temperature; there was total loss of muscle sense. The epi- 
gastric and abdominal reflexes were absent. The left knee kick was feebly 
present but the right knee kick and both ankle jerks were absent. There was 
no response to plantar stimulation. Marked tenderness was elicited on deep 
pressure about the spine of the fourth, fifth and sixth thoracic vertebrae. The 
spinal fluid examination made on the medical service showed fifteen cells, all 
leukocytes. 

In Queckenstedt’s test the cerebrospinal fluid rose 20 mm. from a base level 
of 115 mm. following compression of both jugular veins; but the level was not 
restored on release of the jugular pressure. Several times this was repeated 
with the same results. Roentgen-ray examination of the spine was negative; 
the Wassermann reaction from the blood and spinal fluid were negative. 

Air injection into the spinal canal showed a sharply defined block in the 
spinal canal at the fourth thoracic vertebra. Immediately on the introduction 
of the air into the spinal canal her original pain was duplicated and intensified. 
The injected air did not reach the cranial chamber. 

Because of the great rapidity of the paralysis a tuberculous abscess was 
suspected, probably in relation to a diseased vertebra, though roentgen-ray 
examination was negative. 

At operation a mass of inflammatory tissue was removed from the extradural 
space between the third and fifth thoracic vertebrae, inclusive. The mass 
was firm and sharply defined above, below’ and laterally. It covered only the 
dorsal aspect of the spinal dura from which it w’as completely removed. 



DANDY— PACHYMENINGITIS EXTERNA 


493 


Microscopic sections showed chronic indammatory tissue containing many giant 
cells. The pathologic diagnosis was tuberculous granuloma. 

Return of motor and sensory functions began two weeks after the operation 
and progressed slowly. She could walk in three months. It is now two years 
since the operation and the patient has remained perfectly well. Her gait is 
absolutely normal. 

Case 3. — To the foregoing cases I append a third by permission of my asso- 
ciate, Dr. Frank R. Ford. The patient was an Italian laborer who was under 
Dr. Ford's care at Bellevue Hospital, New York. He had been admitted because 
of weakness and stiffness of the legs. Five months before his entry into the 
hospital he was infected with a series of furuncles over the back. These caused 
severe pain over the back and around the waist. For several weeks after the 
furuncles had healed, the pain continued severe and the spine was so tender 
that he could not lie on his back. Three months after the furuncles had 
healed, the patient noticed weakness and stiffness in his legs. This progressed 
slowly and a month later he had to give up work. 

The patient was a fairly robust man of middle age. Several scars of old 
boils were seen over the back; one of these was directly over the spinous 
process of the seventh thoracic vertebra. Though very spastic he could walk 
without support with difficulty. Cutaneous sensibility was partially lost below 
a well defined level crossing just above the umbilicus. Sense of position and 
vibratory sense were greatly diminished. Bladder control was beginning to 
be affected. All the tendon reflexes were increased in the legs; there was a 
bilateral positive Babinski reflex; no abdominal reflexes were obtainable. The 
spinal fluid was clear and colorless, and there were nine cells per cubic millimeter, 
all lymphocytes. 

At operation a firm fibrous mass was removed from the posterior surface of 
the dura beneath the laminae of the fifth, sixth, seventh and eighth thoracic 
vertebrae. The mass was about 1 cm. thick and about 6 cm. long. It did 
not extend under the anterior surface of the dura. The tumor was recognized 
to be of inflammatory origin. Cultures were taken and Staphylococcus aureus 
grew therefrom. The wound broke down and healed by granulation. A 3'ear 
later the patient walked almost normally. This case is practically a twin 
to case 1. 

SUiTHARY AXD COXCLUSIOXS 

1. In three cases of extradural inflammatory tiunors, around which 
a group of acute and chronic cases have been assembled from the litera- 
ture, the infections arise either from direct extension of contiguous 
infections of the soft parts or from hematogenous metastasis of an infec- 
tion in remote parts of the body. 

2. We believe the symptoms of these infections to be sufficiently 
characteristic to represent a clinical syndrome. 

3. The spinal epidural space with its content of fat and areolar 
tissue determines the presence and location of these infections. This 
space has no prototype in the cranial chamber; it is situated almost 
entirely on the dorsal half of the spinal dura; its size varies inversely 
with that of the spinal cord and cauda equina. 
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4. Although all the acute infections have run a fulminating and fatal 
course, except two that were drained, it is hoped that with an early and 
accurate diagnosis, operative treatment (drainage) may be effectual in 
saving both life and function. 

5. The chronic inflammatory tumors of the epidural space are per- 
haps more difficult of differential diagnosis than ordinary tumors. It 
should, however, usually be possible. Their treatment is surgical removal 
as with any other tumor. The dura should not be opened because of 
the danger of a renewed infection. 
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strangulation of the abdominal contents was noted. The abdominal respiratory 
movements were normal and there was no tenderness, rigidity or muscle spasm. 

The preoperative impression was that the patient had an umbilical hernia 
which would be reducible, possibly a Meckel’s diverticulum with partial 
intestinal obstruction. 

Operation. — Dr. Cullen operated, March 30. Abdominal exploration was easily 
performed, no abnormalities being noted except for the cecum. Here on its antero- 
lateral aspect, including the lateral half of the anterior taenia coli, was seen a 
round defect sufficiently large to admit the tip of the index finger for about 2 cm. 
On palpation a small mass could be felt through the wall of the cecum 



Fig. 1. — Situation of cecal invagination in relation to appendix and anterior 
taenia coli. 


apparently attached to the intestinal wall at the point where the defect, just 
mentioned, existed. 

Figures 1 and 2 represent in a semidiagrammatic manner the condition 
found at operation. Pressing on the anterior and medial aspect of the cecum 
caused the mass to vanish, and simultaneously an invagination to unfold, 
bringing to view the serous aspect of the invaginated portion which appeared 
hyperemic, somewhat roughened, and possibly slightly puckered. On palpation 
this area felt of cartilaginous consistency. One lymph gland at the anterior- 
superior aspect of the ileocecal junction was definitely enlarged, elastic an 
smooth. The neighboring mesenteric glands showed no macroscopic change. 
The ileum and cecum elsewhere appeared normal while the appendix shoive 
some dilatation of its subserous vessels. 
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The pathologic area in the cecum was excised, a flexible curved Kocher 
intestinal forceps being applied so as to prevent the intestinal contents from 
soiling the operative held. The defect was closed with two rows of No. 2 
plain catgut, the appendix was removed and the abdominal wall closed in layers, 
one small drain of protective material being left in situ and removed after 
twenty-four hours. 

The patient’s convalescence was uneventful. She left the hospital on the 
eighth day. following the operation and is now living and well after three years, 
no recurrence of symptoms having been noted. 

Pathologic Examination. — ^The gross specimen consisted of a small piece of 
tissue, somewhat irregular in outline, measuring 2.5 by 3 cm. and from 4 to 
6 mm. in thickness. On one surface (serosa) the tissue was pale gray, smooth 



Invagination- 


Fig. 2. — Schematic drawing of cecum in coronal section showing relation of 
invaginated portion to orifice of vermiform appendix and ileocecal valve. 

and glistening. On the other surface (mucosa) there was an elevated central 
area, about 12 mm, in diameter, which was purplish red, opaque and dull in 
appearance and on palpation was rather firm in consistency. No exudate was 
seen. On section the cut surfaces were smooth and dark purple for a depth 
of from 2 to 3 mm.; beyond this point the tissue in its remaining thickness 
was pale gray and glistening. The area just described was surrounded by a 
narrow zone of pale gray, glistening and delicate mucosa, which was about 
normally movable on its underlying structures. 

Microscopic sections were made of tissue fixed in Zenker-formaldehyde solu- 
tion and stained with hematoxylin and eosin. Sections from the less abnormal 
areas at the periphery of the specimen showed the large intestine, the epithelium 
of which appeared essentially normal except for one area where a thin layer 
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of overlying exudate (just to the left of X in figure 3) was seen. Beneath 
this exudate the superficial mucosa cells showed definite impairment in staining 
reaction. There was moderate extravasation of red blood cells into the inter- 
glandular stroma of the mucosa; some large round wandering cells were 
present, and here also hyaline thrombi situated in the capillaries were not 
infrequent. The submucosa showed considerable edema and in its superficial 
portion a considerable infiltration with polymorphonuclear eosinophils and 
erythrocytes. The tunica muscularis was quite distinct and apparently 
unchanged except that it (both circular and longitudinal layers) together with 
the subserosa showed a characteristic appearance of edema. The serosa was 
intact. 

As one approaches the area beneath X in figure 3 one notes a gradual 
intensification of the process described above. At X an abrupt transition occurs 
marked by hemorrhage in the submucosa and complete obliteration of the 
architecture of the mucosa, muscularis mucosae and the superficial half of the 
submucosa, these now being represented by a pink staining, reticular mass. In 
the most superficial portion of this necrotic process no cellular elements are 



Fig. 3. — Microsection of intestine (X 9.6) showing, to left of X, some edema 
and only a moderate degree of cellular infiltration, the latter being limited 
to the mucosa and submucosa and at X an abrupt change, which, at the extreme 
right of the section, involves the entire thickness of the intestine in a necrotic 
process; the right margin of this section represents the midportion of the 
necrotic zone and corresponds to the midpoint of the apex of the invagination 
in figure 2. 

seen. Beneath this acellular zone a zone of dense round cell infiltration occurs, 
a few polymorphonuclear leukocytes are also present, and an occasional 
capillary containing a fibrinous thrombus is seen. The fibers of the tunica 
muscularis, both circular and longitudinal, show marked impairment in staining 
reaction and indistinctness in outline. There is little if any cellular infiltration 
here or in the subserosa which, however, shows evidence of marked edema. 

Sections stained for connective tissue by both Mallory’s and van Gieson s 
methods showed no increase in fibrous stroma. 

Sections stained for bacteria by a combination of Goodpasture s and 
Weigerc's stains as described by MacCallum * showed here and there a super- 

1. MacCallum, W. G. : A Stain for Influenza Bacilli in Tissues, J. M. A. 
72:193 (Jan. IS) 1919. 
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ficial area in the necrotic tissue in which some gram-positive cocci and large, 
broad bacilli and many small gram-negative bacilli were seen. The deeper 
portions of the necrotic zone and the remaining thickness of the intestinal wall 
contained no demonstrable bacteria and no protozoa were seen. 

The groups of ganglion cells lying between the layers of the tunica muscularis 
and those occurring in the submucosa, in the less abnormal portions of the 
intestinal wall, possessed normally staining elements. Their nuclei contained 
the usual well defined and markedly chromophilic nucleoli and there was a well 
defined nuclear membrane surrounded by an ill defined cytoplasm which took 
a faint eosin stain. As one approached the more pathologic portion of the 
intestine one was impressed by the ability of these neurologic elements to 
retain their morphology, though their staining properties were somewhat 
impaired, while the surrounding muscle fibers showed distinct loss of outline 
and lessened staining reaction. In those portions of the sections showing the 
most advanced pathologic change neurologic elements could no longer be 
identified. 

The pathologic lesion described in the foregoing is explainable, we 
believe, leaving out of consideration for the present the mechanism of 
the invagination, as the result primarily of a purely mechanical process, 
namely, the interference with the circulation to the invaginated portion 
of the cecum, with its consequent series of tissue changes resulting 
successively in edema, necrosis and thrombus formation, peripheral 
cellular infiltration and extravasation and, finally, in superficial invasion 
of the necrotic mucosa- by bacteria of the intestine. In short, the process 
partakes of the nature of an infarction. 

Particular attention is invited to the fact that the most advanced 
pathologic changes are present at the apex of the invagination and that 
the central portion of the apex shows the most extensive change of all 
in that the entire thickness of the intestine shows evidence of degener- 
ation, lessening in degree, however, from within outward. The remain- 
der of the invaginated intestine, from the apex peripherally, shows a 
corresponding decrease in edema and cellular infiltration. 

The frequency of occurrence of a pure cecal type of intussusception 
is difficult to estimate from a most extensive review of the literature 
owing to the fact that by far the greater number of reports represent 
pure clinical observations, in which histologic examinations form the 
exception rather than the rule and accurate detailed descriptions of the 
operative findings are not recorded. For example, Rushmore,® in a 
review of 237 cases, reports only two instances of a cecal type of 
intussusception. On the other hand, Hipsley,® in a study of forty cases 
in which the origin of the intussusception was noted, reports nineteen 
in which the process began at the tip of the cecum “just above the junc- 

2. Rushmore, J. D.: Intussusception, Ann. Surg. 46:210-223, 1907. 

3. Hipsley, P. L. : A Resume of Fifty-One Cases of Intussusception, if, J, 
Australia 2:383-386 (Nov. 9) 1918. 
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tion of the anterior and lateral taenia coli,” Likewise Clubbe,'* referring 
to the place of origin of invaginations, in a most careful study of his 
findings in 100 consecutive operations for intussusception in children, 
notes that in the ileocecal variety of intussusception the starting point 
is in the caput caeci and not at the valve, as is generally assumed to be 
the case. This free end of the cecum is often a little difficult to unfold, 
after the reduction of the main part of the intussusception, remaining as 
a “small cup-shaped depression with hard walls.” Clubbe in his remarks 
on. intussusceptions beginning in the ileum notes also that the first 
infolding seems to start at the side of the bowel and always opposite 
the mesenteric attachment. 

Joyce ® reports in detail a case of advanced intussusception which on 
reduction showed “the end of tlie cecum inverted, thick and hard,” 
forming on palpation a “button-like structure,” it being necessary to 
“knead” the cecum to restore it to its proper shape. Thomas ® reports 
a case probably less advanced than any of those preceding. This 
occurred in a boy of 13 ; the end of the cecum was invaginated, having 
carried in with it that portion to which the appendix was attached. The 
walls of the cecum were much thickened owing to edema, but the ileo- 
cecal valve was not involved. Possibly the earliest instance encountered 
is one reported by Shacklock.'^ From his description it probably resem- 
bles more closely than any of the others the case that forms the motif 
for this paper. Shacklock’s patient was a boy, aged 7 years, in whom the 
cecum just lateral to the vermiform appendix had invaginated the remain- 
der of the cecum in an upward direction for about 1 inch (2.5 cm.). 
In the foregoing reports, unfortunately, no pathologic descriptions are 
given other than those observed at operation. 

Shacklock’s case is the only one encountered in the literature which 
in its apparent incipiency resembles closely the case reported in this 
article, and it is particularly regrettable that no histologic study was 
available; however, manipulation was sufficient in this case to reduce 
the invagination, appendectomy was performed and the patient made 
an uneventful recovery. 

A case reported by Cole ® is given here in considerable detail, because 
the tumor that he describes as accompanying the intussusception most 
closely resembles the microscopic appearance of the diseased section 

4. Clubbe, C. P. B. : One Hundred Consecutive Laparotomies for Intus- 
susception in Children, Brit. M. J. 1:1327, 1905. 

5. Joyce, C. : An Unusual Form of Intussusception, M. J. Australia 2:5-10, 

1914. 

6. Thomas, T. T. : Intussusception of Head of Cecum Without Involve- 
ment of Ileocecal Valve, Tr. Philadelphia Acad. Surg., 1918-1919, 21:110, 19- . 

7. Shacklock, G. A. S.: Three Cases of Intussusception, Guy’s Hosp. Gaz. 
31:36, 1917. 

8. Cole, A. F.: A Case of Intussusception (Cecocolic) and Remarks on t c 
Pathology of the Accompanying Tumor, China M. J. 22:13-16, 1908. 
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found in our case, though the intussusception was well advanced in 
Cole’s case and could, therefore, hardly be considered incipient. 

Cole’s case is one of cecal intussusception, about 8 inches (20.3 cm.) 
of the cecum and ascending colon being found within the more distally 
situated ascending colon. Reduction was easily performed, the cecum 
and appendix coming into view when reduction had been completed. 
Near the base of the appendix the walls of the cecum were puckered, 
hard and thick. This area, with the appendix, was excised and a tumor 
mass presented, projecting about one-half inch (1.27 cm.) into the 
intestine. The mass was greenish black in appearance, smooth and about 
seven-eighths inches (2.1 cm.) in diameter. Microscopically, “it was 
seen to consist in the main of widely dilated spaces filled with leukocytes, 
red cells, and in places with a colloid material perhaps of lymphatic 
origin. There is marked round celled inflammatory infiltration at the 
margin of the growth.’’ . . . “The surface of the tumor is smooth 
and the ordinary glandular nature of the cecal mucosa is replaced by a 
homogeneous mass of disintegrating cells with different staining proper- 
ties from the deeper portion. Here and there a suggestion of the 
original tubular nature can be seen. . . . The muscularis mucosae 

is somewhat atrophic but there is no evidence of malignant invasion.’’ 

Cole considers the inflammatory process in his case as primarily 
mechanical in etiology due to some constricting process, and ventures 
the suggestion of a reverse peristalsis causing this portion of the cecum 
to become engaged in the orifice of the ileocecal valve. 

It would appear that Cole’s case is altogether similar to the one 
reported in this article and that the inflammatory tumor he describes 
probably had its origin in an identical manner. 

Cases described as invagination of the cecum due to inflammation 
at the base of the appendix such as reported by Rogers,® Wright and 
Knowles,^® together with another group of cases described by Struthers,^^ 
Brown,^® Connor,^® Monsorrat,^* Rolleston,^® Waterhouse^® and others 

9. Rogers, J. T. : Invagination of the Bowel Due to Inflammation at the 
Base of the Appendix, St. Paul M. J. 11:458-463, 1909. 

10. Wright, G. A., and Knowles, R.: Chronic Intussusception of the 
Appendix into the Cecum: Operation; Recovery, Brit. M. J. 1:1470, 1897. 

11. Struthers, J. W.: A Case of Chronic Intussusception with Complete 
Inversion of the Vermiform Appendix, Lancet 2:1345, 1906. 

12. Brown, W. : A Case of Intussusception of the Vermiform Appendix, 
Scot. M. & S. J. 12:333-335, 1903. 

13. Connor, F. P.: Intussusception of the Vermiform Appendix, Lancet 
2:600, 1903. 

14. Monsorrat, Keith : Intussusception of the Vermiform Appendix, Liverpool 
M.-Chir. J. 21:68-78, 1901. 

15. Rolleston, H. D.: Prolapse of the Mucous Membrane of the .Appendix 
into the Cecum, Edinburgh M. J. 4:21-26, 1898. 

16. Waterhouse, H. F. : Intussusception of the Vermiform .Appendi.x, Brit. 
M. J. 2:1505, 1897. 
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as intussusceptions of the vermiform appendix, are interesting and may 
properly be mentioned here, for they are mere variations in situation and 
extent of the same process and our case is probably illustrative of them 
all as they appeared in their incipiency. 

Masson and Leriche report an interesting case of a chronic “ileo- 
caecocolique invagination.” It is mentioned here because of the careful 
histologic, study made and on account of their interpretation of the 
pathologic findings. The specimen described was removed from a young 
Arab at operation and consisted of the cecum, a portion of the ileum, 
and a portion of the ascending colon. Three areas of ulceration were 
noted in the cecum and are described as resembling dysenteric (dysenteri- 
formes) ulcers, though none of the specific pathogens that produce the 
more frequent forms of infectious ulcerative intestinal lesions are 
demonstrated. The ulcers present nothing unusual, there being a 
central loss of substance with a surrounding subacute inflammatory 
reaction, and they are sufficiently deep to involve the muscularis. The 
intestinal wall intervening between those three discrete areas of ulcera- 
tion is not noteworthy except for some edema. The authors draw 
particular attention to the plexuses of Auerbach and Meissner, showing 
that except where directly involved in the ulcerations or their dense 
surrounding inflammatory reaction, the plexuses are histologically nor- 
mal. Sections of the ileum and ascending colon are not noteworthy, 
except for some edema and hyaline change in the ileum. This case of 
Masson and Leriche is lengthily recited because the authors consider the 
cecal ulcerations as the primary factors in the chronology of events: 
to quote “Que les ulcerations dysenteri formes doivent etre con- 
siderees comme primitives.” The histopathology of the lesions they 
described differs from our case and that of Cole’s in that their lesions 
have been of longer duration, with ulceration and evidence of beginning 
organization in the surrounding inflammatory zones, as indicated by the 
formation of new capillaries, etc. We feel that the lesion described by 
us, if encountered at a later date, would also have shown a loss of 
substance in the zone occupied by the necrotic material and that evidence 
of tissue repair would undoubtedly have been demonstrable at a later 
stage. In brief, the difference appears to be one of degree and not of 
quality. 

In a brief consideration of the theories regarding the physiologic 
pathology of intestinal intussusception in the absence of tumors, 
diverticula, etc., two often quoted opposing schools may be regarded, 
one attributing the beginning of an intussusception to a primary localized 
area of intestinal spasm, the other to a primary area of intestinal paralj - 


17. Masson, P., and Leriche, R.: Recherches sur la physiologic pathologiciiie 
de I’invagination intestinale chronique, Lyon chir. 16:325-343 (May-Junc) 
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sis. Nothnagel is probably the most vigorous proponent of the former 
theory while Peyer (quoted by Kasemeyer^® and Leubuscher ='’) and 
Leichtenstern espouse the latter hypothesis, which is the older. Both 
Nothnagel and Leubuscher have been unable to demonstrate experi- 
mentally the paralytic mechanism of intestinal invagination. On the 
other hand, Nothnagel by the use of the faradic current on the rabbit 
intestine has produced a tetanic contraction of a circumscribed portion 
of intestine. At the point where the contracted intestine and the caudad 
normal portion join, Nothnagel noted a small invagination formed by 
the normal distal segment of the intestine drawing itself up over the 
distal portion of the contracted portion in an umbrella-like manner. The 
further formation of the invagfination occurred at the expense of the 
distal segment of intestine. Nothnagel feels that after the invagination 
is well developed the tip of the intussusception, which is then well in 
confines of the distal intestinal segment, acts as any other intestinal con- 
tent, exciting peristalsis and causing propulsion of the intussusceptum 
analward. In this regard it may be mentioned that Treves (quoted by 
Nothnagel) accepts Nothnagel’s view and a case reported by Rushmore ® 
in a child of 9 also confirms in part this explanation. Operation on 
Rushmore’s patient disclosed a well developed intestinal intussusception. 
After partial reduction had been effected manual traction was interrupted 
for a moment. In this interval Rushmore noticed that the intussuscep- 
tion began to reform by the intussuscipiens sliding up over the intussus- 
ceptum instead of the intussusceptum gliding down into the intussus- 
cipiens as is usually regarded as the mechanism. 

A case reported by Veau -- would also seem to bear out in part 
Nothnagel’s theory clinically. Veau’s case occurred in a male infant of 
5 months on whom he had operated for an intussusception by resecting 
the cecum. Thirty-six hours after operation the patient again began to 
develop symptoms of intestinal obstruction. At the second operation 
Veau found about 50 cm. of the small intestine tightly contracted and 
firm. During this observation the author saw two invaginations of 
about 1 cm. occur at either end of the constricted intestine, but he does 
not describe their mechanism. He concludes, however, that spastic 
contraction is essential before intussusception can occur. 

18. Nothnagel, H. : Specielle Pathologie und Therapie, Vienna, A. Holder, 
1903, 17:385-417. 

19. Kasemeyer, E. : Tumorlnvagination des darms, Deutsche Ztschr. f. 
Chir. 118:205-264, 1912. 

20. Leubuscher, G. : Experimentelle beitrage zur aetiologie der darm- 
invagination, Virchows Arch. f. path. Anat. 85:83-94, 1881. 

21. Leichtenstern, O. : Ueber darm-invagination, Prager Vierteljahrschr. f. 
prakt. Heilk. 2:189-221; 4:58, 1873. 

22. Veau, V.: Le spasme intestinal comme cause d'invagination. Bull. Soc. 
de pediat. de Paris 8:424-428, 1906. 
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The production of reversed intestinal peristalsis by the use of , sodium 
carbonate-® is also confirmatory of Nothnagel’s observation. The 
application of sodium carbonate to the serous aspect of the intestine 
produces, according to Morris, a pronounced tonic spasm followed by 
intussusception of the contracted portion by reverse peristalsis of the 
caudad lying intestine. 

A suggestive experimental observation has recently been made by 
Alvarez in the small intestine of the cat showing how antiperistalsis 
may occur without explainable cause. The observance of antiperistalsis 
with obstruction is, of course, not uncommon, while in the large intestine 
its occurrence without obstruction is physiologic. 

There are, of course, other subscribers to the spasmodic theory, 
principally Brinton and Rafinesque (quoted by Nothnagel), who explain 
the further development of the intussusception in a somewhat different 
manner. 

Peyer and Leichtenstern, while both embracing the hypothesis that 
a primary zone of intestinal paralysis is the preliminary requirement 
before intussusception can occur, nevertheless differ as to the process 
whereby the intussusceptum and intussuscipiens form. The details of 
this are probably irrelevant to this discussion. A recent clinical instance 
that is construed as supporting the paralytic theory of intussusception 
formation is reported by Syring.®® This author reports a case of 
intussusception observed during the recent World War in a soldier 
with a gunshot wound of the abdomen. Operation revealed, in addition 
to several intestinal perforations, an injury to the mesentery of the 
jejunum. At the exact level of the mesenteric injur}' the operator noted 
a complete intussusception, 8 cm. long, easily reduced and covered with 
a layer of fibrin. Syring feels that the mesenteric injury severed a 
branch of the superior mesenteric artery and an accompanying nerve, a 
branch of the superior mesenteric plexus, in this way depriving this seg- 
ment of intestine of its vagus innervation and possibly also of its 
splanchnic nerve supply. This series of events the author feels caused 
a localized area of intestinal paralysis, thereby fulfilling the primary 
requirement for the formation of the intussusception which he dis- 
covered at operation. 

We feel that the case reported in this article is an instance of partial 
cecal intussusception occurring in a portion of the cecum where, if one 

23. Morris, R. T.: The Production of Ileal Intussusception with Carbonate 
of Sodium, M. Rcc. 45:389, 1894. 

24. Alvarez, W. C, and Mahoney, L. Peristaltic Rusii in the Rabbit, 

Am. J. Physiol. 69:211-225 (July) 1924. 

25. Syring: Ein beitrag zur nervenpathologie des darmcs und zur patio 
genese der intussuszeptioii, Beitr. z. klin. Chir. 114:131-137, 1918. 



MARTZLOFF— INTUSSUSCEPTION OF CECUM 505 

may judge from the literature, cecal intussusceptions are prone to 
originate. 

The formation of the invagination in this particular instance, we 
assume, is best explained by the occurrence of abnormal intestinal 
excitation following the ingestion of some ipecac, which in turn caused 
severe and ineffectual attempts to vomit. As part of the intestinal 
reaction an area in the cecum underwent abnormally prolonged con- 
traction so that when relaxation did occur a portion of the contracted 
intestine had undergone a localized edema, due to some degree of circu- 
latory stasis. In this way an invagination persisted and its spontaneous 
reduction was no longer possible. After this primary invagination and 
edema, the invaginated portion acted much as a foreign body ; it excited 
intestinal peristalsis with consequent traction on the invaginated area 
which resulted in further circulatory embarrassment, finally producing 
at the apex of the invaginated portion an area showing the varying 
degrees of damage that may follow a prolonged ischemia. This is well 
brought out in part of figure 3 where the mucosa, muscularis mucosae 
and the superficial portion of the submucosa form a structureless necrotic 
area. Peripheral to this, in addition to the inflammatory reaction one 
sees the remaining submucosa very edematous and both layers of the 
tunica muscularis show definite degeneration, as evidenced by loss of 
cell outline and the impaired staining reaction of their component muscle 
fibers as previously described. The whole picture in fact is similar to 
some of the pathologic appearances first described by D’Arcy Power -® 
in his article on the minute anatomy of intussusception. 

The normal appearance of the ileum and all other portions of the 
large intestine rather speak against their participation in this process. 
To fulfil Leichtenstern’s hypothesis one should have sufficient intestine 
proximal to the invaginated area, which would represent the segment of 
paralyzed intestine, to propel the latter into the caudad intestinal segment. 

Obviously the cecum without the ileum could not afford this pro- 
pelling force, owing to the situation of the invagination. There is no 
evidence that the ileum supplied tliis want for there is nothing to indi- 
cate an ileocecal invagination, which would have been necessary to 
allow the remaining proximal portion of the cecum to participate. 

Reverting to Nothnagel’s explanation of intussusception in the 
absence of tumors and diverticula, we feel that in our case his first 
postulate has probably been fulfilled; namely, an area of intestinal 
spasm has most likely occurred. Whether the caudad segment of large 
intestine drew itself up over this area of constriction one cannot say. 

26. Power, D'Arcy : Some Points in the ^linute Anatomy of Intussusception, 
J. Path. & Bact., June, 1897. 
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It does not, however, seem probable that a portion of the circumference 
of the intestine would undergo antiperistalsis in such a manner as to 
provide an invagination such as this, for intestinal movement is usually 
circumferential even when antiperistaltic. However, at operation noth- 
ing could be noted that might suggest a participation of the . neighboring 
large intestine in an intussusception. Indeed, the remainder of the 
circumference of the cecum at the level of the invagination appeared 
normal. We therefore feel that we are in the presence of an incom- 
plete and probably incipient form of cecal invagination which represents 
one of the early stages of more advanced forms of cecal intussusception 
reported in the literature as arising in this particular situation; that is, 
near the point of convergence of the anterior and lateral taeniae coli. 
From pathologic evidence at hand we believe that an unusual contraction 
of the wall of the cecum in this particular segment provided the begin- 
ning for a series of events resulting in the invagfination described. 
Furthermore, it seems reasonable to assume that this may have occurred 
without participation of the distal lying segment of the intestine as 
postulated by Nothnagel, or by a mechanism such as that described by 
Leichtenstem. 

One naturally wonders whether processes such as that observed 
in this case, possibly not even so far advanced, are not of more fre- 
quent occurrence than is generally supposed. In fact, it is possible that 
such conditions unless carefully searched for may be overlooked at 
operation, the condition correcting itself through manipulation and the 
subsequent freedom from symptoms attributed to the removal of a 
macroscopically “suspicious looking” but a histologically normal 
appendix. 
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3. Cases in which apparently free omentum twists without being the 
site of a mass or being adherent in the pelvis. Payr® says that this 
variety presumably is due to the fact that the veins are larger and more 
tortuous than the arteries and that when the veins are compressed by a 
kink of some kind they become turgid and full of blood ; the arteries form 
a tense cord about which the omentiun turns and once started to twist 



Fig. 1. — ^Torsion in the omentum (diagrammatic sketch). 


continues with resulting obstruction to the circulation and subsequent 
gangrene. The following case belongs to group 3 as no etiologic factor 
was found to explain the torsion. There was no evidence of hernia or 
pelvic infection, and the appendix showed no macroscopic evidence of 

6. Payr: Arch, f. klin. Qiir. 67, 1902. 
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disease. The patient had a chronic cholecystitis and cholelithiasis but 
there were no adhesions or bands in the upper part o£ the abdomen. 
Figure 1 is a diagrammatic sketch of the torsion in the omentum. 
Figiu'e 2 shows three complete twists in the omentum. 


REPORT OF CASE 

A woman, aged 28, had had pains in the abdomen for eighteen hours. She 
had had no serious illnesses or surgical operations ; two children, aged 6 and 4 



Fig. 2.— A, normal omentum; B, three twists in omentum; C, gangrenous 
omentum. 


years, were alive and well. She had no puerperal infection. She had been 
botliered with indigestion and vague pains in the upper part of the abdomen after 
eating for several years. This pain was different from the one she was complain- 
ing of at the present time. She attributed it to an affected gallbladder and gall- 
stones, as her husband had the same symptoms, for which he had an operation. 
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Her menstrual periods were regular and came every twenty-eight days. The last 
period had been two weeks before admission. 

The patient stated that eighteen hours before admission she was seized with 
pains in the region of the umbilicus and that after a few hours she vomited. 
The pain later became localized to the right lower quadrant. It was severe 
enough to keep her awake most of the night, A doctor was called eight hours 
after the onset of the pain and diagnosed her condition as acute appendicitis. An 
operation was advised. The patient was out of town and refused as she pre- 
ferred to return home. The pain continued but chiefly in the right lower quad- 
rant, at which place she complained of considerable tenderness. 

Physical examination showed a woman confined to bed apparently suffering 
from acute pain in the abdomen. The temperature was 99, the pulse SO. The 
throat was negative for tonsillitis or pharyngitis. The chest was normal. On 
abdominal examination there was no tenderness over the left or the right upper 
quadrant. There was a marked tenderness over the right lower quadrant at 
McBurney’s point and a slight rigidity in this region. The tenderness seemed 
out of proportion to the pain of which she complained. There was no costo- 
vertebral tenderness on either side. Vaginal examination showed the fornices 
normal. No masses were felt. The uterus was normal. 

Urinalysis was negative. The leukocyte count was 17,000; polymorphonuclear 
neutrophils, 74 per cent; small lymphoiytes, 19 per cent; large lympocytes, S per 
cent, and transitionals, 2 per cent. 

The preoperative diagnosis was acute appendicitis. 

The abdomen was opened through a right rectus incision, under ether anes- 
thesia. When the peritoneum was opened, the hand was inserted to the right 
lower quadrant and a mass containing gangrenous omentum was encountered and 
delivered. This was not inspected carefully but was wrapped in abdominal pads. 
The cecum was then delivered and the appendix showed no evidence of acute 
infection. An appendectomy was performed, the stump of the appendix being 
carbolized and inverted. The upper part of the abdomen was palpated and the 
gallbladder was found to contain one large stone. The omentum was then 
inspected and it was found to have the lower portion twisted on itself three times. 
No masses were felt in the omentum. The mass of gangrenous omentum was 
then excised, about 1 inch (2.5 cm.) of healthy omentum above the twist being 
removed. The incision was enlarged upward and the gallbladder was found to 
contain one large stone, with no evidence of acute infection. A cholecystectomy 
was performed. The common duct was negative for calculi. A rubber tissue 
drain was inserted to the space in front of the right, kidney, known as Morrison s 
space, and the abdomen was closed in layers. 

The pathologic report stated that the gross specimen measured 110 by 90 mm. 
It was twisted in the middle. The lower part was hemorrhagic. Microscopic 
examination of the sections showed fat tissue that was hemorrhagic. The blood 
vessels were engorged and partly thrombosed, with slight infiltration of the tat 
tissue by polymorphonuclear leukocytes. 

The patient made an uneventful recovery and was discharged from the hospi- 
tal on the twelfth day. 

125 East Seventy-Second Street. 



THE VALVES OF HEISTER* . 

STANLEY H. MENTZER, M.D. 

Fellow m Surgery, the Mayo Foundation 

ROCHESTER, MINN. 

[ In 1732 Laurentius Heister ^ first described the valvular arrangement 
of the mucous membrane of the cystic duct that bears his name. He 
attributed to these leaflets projecting into the cystic duct a functional 
role of the gallbladder, namely, the storage of bile. Recent studies are 
at variance with this hypothesis ; for this reason I undertook an anatomic 
and experimental study of the- problem in 1923. 

The mucous folds in the cystic duct apparently reach their highest 
development in man. They are present in the dog, rabbit and a few 
other animals, but are less developed and fewer in number. A study of 
the comparative anatomy, therefore, suggests the very minor part played 
by these leaflets in the functional activity of the gallbladder. Indeed, 
in many species there are no leaflets and this must be considered in 
attempts to ascribe a functional role to the valves. Certainly their 
absence lessens the significance of any functional activity that might 
be credited to them in man. It does not seem likely that the valves of 
Heister are vestigial in man, for if they were the leaflets presumably 
would be better developed in the lower animal forms. 

ANATOMY 

The cystic duct in man is not of constant shape or size. It has been 
variously described as “kinked,” “bassinet-shaped,” "sharply flexed on 
itself,” “S-shaped” and “double mesial curved” (figs. 1 and 2). In a 
series of 612 cystic ducts examined at necropsy, only nineteen were 
true S-shape; forty-one were single curves sharply flexed on them- 
selves. In five instances, however, the duct was devoid of curves or 
flexions and appeared as a straight duct in gallbladder specimens free 
from gross pathologic changes (figs. 3 and 4). 

Schmieden ® has pointed out that in most cases the cystic duct leaves 
the gallbladder at the side and not at the most proximal portion of the 

* Work done in the Section on Pathologic Anatomy, Mayo Clinic. 

1. Heister, L., quoted by Schmieden, V.: Ueber die “Stauungsgallenblase,” 
Zentralbl. f. Chir. 47:1257-1261, 1920. 

2. Schmieden (footnote 1). Schmieden, F., and Rohde, Carl: Die Stauungs- 
gallenblase mit besonderer Beriicksichtigung der Atiologie der Gallenstauungen, 
Arch. f. kliii. Chir. 118:14-53, 1921. 
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organ. I also observed this. Jacobson and Gydeson® believe that the 
cystic kink, which is frequently present close to the emergence of the 
cystic duct from the gallbladder, is concerned in the emptying of the 
organ. They assert that the gallbladder can be distended almost to the 



Fig. 3. — ^Straight cystic duct. 



Fig. 4. — Straight cystic duct. 

bursting point without forcing bile out of the cystic duct, whereas it 
can be easily emptied by slight longitudinal traction on the duct. They 
believe that the valvular action of the cystic kink is thereby lessened. 

3. Jacobson, Conrad; and Gydeson, Carl: Function of die Gallbladder in 
Biliary Flow. -Arch. Surg. 5:374-394 (Sept.) 1922. 



3H archives of surgery 

German pathologists lay much emphasis on the stagnation of bile pro- 
duced by this angulation of the cystic duct as an etiologic factor in the 
formation of gallstones. From my study I was led to believe that such 
mechanical causes of obstruction to the flow of bile must be relatively 


Fig. 5. — ^Valvular arrangement in cystic duct. 


Fig, 6. — Cholesterosis of gallbladder, with no leaflets in lower two-thirds of 
cystic duct. 

The valves of Heister are projections of mucous membrane into the 
lumen of the cystic duct. They line the course of the duct more or 
less completely, being larger and less numerous at the distal end and 
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smaller and more abundant at the common duct terminus of the cystic 
duct (fig. 5). There are, however, many variations in this distribution. 
In three of our series of 612 cases there were no leaflets in the lower 
third of the cystic duct (fig. 6). In one case the first leaflet began 
almost a fourth of the way up the gallbladder from the cystic duct. 

The leaflets are arranged more or less spirally, running in a clock- 
wise direction down the cystic duct from its origin at the gallbladder. 
The majority of the leaflets extend from one-half to three-quarters of 
the way around the duct. The leaflet above and below overlaps the 
intermediate valve to a greater or less extent. In many instances the 
leaflets make a complete circuit of the duct, and in several of the cases 



Fig. 7. — Section of leaflet of valves of Heister (X 15). 


in this study a single leaflet made two complete turns around the duct. 
Hartmann * and Faure,® in their early descriptions, pointed out that the 
duct is not a spiral canal, but that it is a duct interrupted by incomplete 
spiral leaflets in its course. They pointed out that the upper leaflets 
sometimes extend three-quarters of the way around the duct, and tor 
this reason the duct is impassable to a probe or other solid object. 
Terrier and Dailey* agreed mth these contentions and made copper 

4. Hartmann, quoted by Jacobson and Gydeson (footnote 3). 

5. Faure, J. L., quoted by Jacobson and Gydeson (footnote 3). 

6. Terrier, F., and Dally: Du catheterisme des voies biliaires. Rev. de chir. 
12:136-168, 1892. 
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models of the leaflets. Brewer ^ likewise found the cystic duct impassa- 
ble to a probe in all but ten of ninety-seven cases ; I succeeded in passing 
a probe in only sixteen of 198 normal gallbladders. Of this number 
eight possessed no leaflets nor other suggestion of valves of Heister. 

The number of leaflets comprising the valves varies greatly (table 1). 
In a series of 338 essentially normal gallbladders, in which there were 
no gross evidences of inflammatory changes and no gallstones or evi- 

Table 1.> — Leaflets Comprising the Valves of Heister . 


„ „ , Essentially Normal 

Normal GaUbladders Gallbladders (Oholesterosis) 

« , « 


Leaflets 

Cases 

/ "" ■ 

Leaflets 

Cases 

Total 

, , 

S 



8 

1 . 

5 

1 


5 

2 

13 

2 

4 

17 

3 

29 

3 

10 

39 

4 

30 

4 

41 

71 

5 

34 

5 

31 

C5 

0 

28 

6 

14 

42 

7 

20 

7 

14 

34 

8 

10 

8 

6 

16 

9 

13 . 

9'- 

7 

20 

- 10 

2 

10 

6 

8 

11 

1 

11 

4 

5 

12 


12 

3 

.3 

13 

2 

13 


2 

14 

1 

14 


1 

17 

1 

17 


1 

22 

1 

22 

•• 

1 


198 


140 

338 


Table 2. — Spiral Leaflets in the Valves of Heister 


Leaflets 


Spirals 



Total spirals 

Total cases 

Spirals, percentage oi total 


Cases 

, ->• — ^ 

1 2 3 4 5 6 7 8 P 10 11 12 13 14 17 22 


6 11 
4 6 


2 1 .. 
4 2 3 


10 11 IS 10 9 14 

6 23 51 SO 76 65 29 21 21 


11 14 32 33 42 68 75 CO 75 100 100 100 lOO 


dence of their previous existence, the leaflets varied from one to twenty- 
two in number. In eight instances in this normal group no leaflets were 
demonstrable grossly. This seems significant for it is not unusual to 
note the absence of leaflets in cases of cholelithiasis, as was noted in 
six of 123 cases. But their absence from specimens free from disease 
suggests that these ducts probably never possessed any valves. Terrier anc 
Dally have likewise noted the absence of valves of Heister, but it is not 

7. Brewer, G. E. : Preliminary Report on the Surgical Anatomy 
bladder and Ducts from an Analysis of One Hundred Dissections, .Ann. Surg. - 
721-730, 1899. 
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certain that previous disease did not exist in their cases. If one wishes 
to ascribe any functional purpose to these valves one must be able to 
correlate their absence in man and in the lower forms of life with that 
function. 

I was unable to find any uniformity in the arrangement of the 
leaflets. In most specimens the leaflets ran in a spiral, clockwise manner, 
partially encircling the cystic duct and mortising between the leaflets on 
the opposite wall of the duct. In some instances the leaflets were not 
spiral (table 2), and in others they extended more than one-half to 



Fig. 8. — Section of valve of Heister between walls of cystic duct (X 15)* 


three-quarters of the way around the duct, did not mortise into the space 
between the leaflets on the opposite side of the duct and frequently 
ran in a counterclockwise manner. In a particularly interesting speci- 
men, having seventeen leaflets in the valves of Heister, I was able to 
demonstrate all of these variations. It seems significant that, in fourteen 
of the 338 nonnal gallbladder specimens, more than one leaflet ran in 
a counterclockwise manner. 

From an anatomic point of view, therefore, it appears that the 
valves of Heister must be ineffectual in completely obstructing the 
flow of bile in either direction in the cystic duct. ^Moreover, whatever 
their function in the biliary S 3 'stem, it cannot be an essential one, as in 
eight instances no valves were present although the gallbladder was 
presumablj' normal. 
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HISTOLOGY 

The valves of Heister are essentially projections of the mucosa at 
the outlet of the gallbladder arranged in a valvular manner. The 
epithelium is of the same tall columnar type, arranged in rugae of 
delicate branching forms, identical with those comprising the gallbladder 
mucosa. The mucosa of the cystic duct is similar to that of the gall- 
bladder and the common duct, less intricate than the former and more 



Pig. 9 . — passage of fluid proximally; b, passage of fluid distally through 
cystic duct. 


delicate than the latter. Its structure suggests a functional activity 
similar to that of the gallbladder; indeed, it is not difficult to beliete t lat 
the mucosa of the cystic duct may be able to absorb fluids and proba > 
lipoids almost as readily as the mucosa of the gallbladder comparab e to 
that previously demonstrated.'’ 

8. Mentzer, S. H. : Cholesterosis of the Gallbladder, .\«i. J- Path. 1.3S3 iJld 
(July) 1925. 
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The cystic duct is composed of smooth muscle fibers running in 
three directions, in a manner comparable to that in the wall of the 
gallbladder. The musculature of the valves of Heister has been the 
subject of considerable study, and some authors doubt the presence of 
longitudinal fibers in the leaflets. These, however, may be seen in any 
freshly prepared specimen on serial section (fig. 7). The circular 
smooth muscle fibers constitute the bulk of muscle in the leaflets them- 
selves, and are, apparently, a continuation of the circular fibers of the 
cystic duct (fig. 8). I have not been able to demonstrate any sphincter 
arrangement of circular fibers at the terminal end of the cystic duct. 
Indeed, the duct was patent in all of the specimens, and a probe could 
be easily passed through it; it is not until the probe reaches the first 
leaflets that obstruction is met with. 

The subserosal fat layer is relatively thick, as it is in the wall of the 
gallbladder. The serosal layer is thin and composed of squamous cells. 

PHYSIOLOGY 

Heister believed that the valves were placed in the cystic duct for the 
purpose of storing bile in the gallbladder until such time as the body 
needed it. This anthropomorphic view is held even now ; it is, in fact, 
part of the accepted theory of the function of the gallbladder. Lyon’s 
application of Meltzer’s law of contrary innervation of the gallbladder 
explained the opening of the valves of Heister to permit the passage 
of bile into the common duct. Schmieden " believes that the valves 
had something to do with the emptying of the gallbladder. Haberland,*® 
Winkelstein and Aschner “ believe the respiratory squeeze is sufficient 
to express bile from the gallbladder and past the valves of Heister into 
the common duct. Barker,^^ in 1907, expressed the belief in a unique 
function of the valves; namely, that the gallbladder secreted mucus at 
the rate of about two ounces a day but that this secretion was too viscid 
to pass down the cystic duct and, therefore, when the body needed the 
secretion the valves of Heister opened to permit bile to enter the gall- 
bladder from the hepatic ducts, to dilute the viscous secretion, so that it 
could pass readily down the cystic duct. When the gallbladder secretion 
was no longer needed by the body the valves would close. He stated 
that there are ten of these valves to effect such closure. 

9. Lyon, B. B. V.: Diagnosis and Treatment of Diseases of tiie Gallbladder 
and Biliary Ducts, J. A. A. 73:980-982 (Sept. 27) 1919. 

10. Haberland, H. F. O. : Studien an den Gallenwegen, III, Die Funktion der 
Gallenblase, Arch. f. klin. Chir. 130:625-646, 1924. 

11. Winkelstein, A., and Aschner, P. W.: Experimental Studies on Entrance 
of Bile Into Duodenum, ,-\m. J. M. Sc. 169:679-686 (May) 1925. 

12. Barker, M. R. : What Is the Function of the Gallbladder? .And Why the 
Folds of Heister in the Cystic Duct? Med. Rec. 72:555-558, 1907. 
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Sweet, in 1924, suggested that the valves of Heister prevented the 
egress of bile from the. gallbladder, that bile once in the gallbladder 
never left it by way of the cystic duct. As my anatomic studies did 
not help me to understand either of these contrary views, I under- 
took the following experimental study. 

Twenty-two normal gallbladders with their attached cystic and com- 
mon ducts were tested for the patency of their cystic ducts. One end 
of the common duct was ligated; to the other end was fastened a 
pipet whose smallest bore measured 3 mm. (the size of a small cystic 
duct) . The pipet was connected with a measuring funnel and the latter 
filled with 25 cc. of glucose solution of varying strengths. The funnel 
was raised 30 cm. above the level of the gallbladder so that gravity 
flow forced the solution through the cystic duct and into the gallbladder 
(fig. 9). The time required for the passage was noted in each instance. 
In none of the twenty-two specimens was there complete obstruction to the 


Table 3. — Time Required for Passage of Glucose Solutions Through the Cystic 

Duct, Minutes 


Glucose solution. 

In 

5 

4 

9 

3 

11 

4 

8 

13 10 

6 

7 14 

8 17 10 6 

15 9 

7 12 0 s' 

83 per cent 

Out 

4.5 

5 
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4 

10 

6 

7 • 

14 11 

7 

5 12 

7 16 8 6 

13 11 

6 13 5 9 

Glucose solution, 

In 

3 

3 

6 

2 

8 

3 
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6 12 7 4 

11 6 

4 8 5 5.3 

50 per cent 

Out 

3.5 

4 

5 

3 

7 

5 

5.6 

11 8 

6.6 

4 7.6 

5 9 63.5 

8 7 

4 9 4 5 

Glucose solution. 

In 

8 

6 

12 

5 

14 

6.5 

11 

16 14.5 8 

10 17 

11 21 14 8 

18 12 10 15 7 11 

no per cent 

Out 

7 

7 

10 

6 

12 

8 

8.6 

18 16 

8.5 

7 16 

IB 18 11 7 

16 14 

9 13 0 12 


flow of the solutions. The time required for the passage varied, from 
three minutes in one instance to- seventeen in another (table 3). 
Obviously, the number of leaflets comprising the valves of Heister, the 
diameter of the cystic duct and its tortuosity were the determining 
factors in the time element. Solutions of approximately one-half and 
twice the viscosity of normal bile were then used, and in every instance 
they passed through the cystic duct. 

Similar experiments were conducted on the same twenty-two speci- 
mens to determine the patency of the cystic duct in the opposite direc- 
tion. The apparatus was connected with the fundus of the gallbladder so 
that solutions passed through the cystic duct into the common duct (fig- 
9). The conditions for the experiments were identical except for the 
reversal of the direction of flow of the fluids. In this series also, there wa.-> 
no instance of obstruction to the flow of the glucose solutions, and there 
was no material change in the rate of flow of identical solutions in either 
direction through the cystic duct (table 3). In one instance it required 
five minutes for 25 cc. of the glucose solution of “normal” viscosity to 

13. Sweet, J. E.: The Gallbladder: Its Past, Present and Future, Internal. 
Clin. 1:187-226 (March) 1924. 
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pass through the cystic duct from the common duct end, whereas seven 
minutes were consumed in passing in the opposite direction. But in 
five instances when glucose of like viscosity was used, less time was 
required for the passage from the gallbladder into the common duct 
compared to that in the opposite direction (table 3). In the remaining 
sixteen cases the rate of passage was essentially the same in either direc- 
tion. Therefore, it was not possible to show any material change in the 
rate of flow of solutions in opposite directions through the cystic duct. 

These experiments were handicapped from two standpoints, and 
therefore the data obtained are of suggestive value only. First, the 
specimens were obtained at necropsy, none later than eight hours after 
death. However, muscle tonus was gone. In vivo, muscle tone must 
play a part in the activity of the valves, even though it is slight. Second, 
the work is subject to error consequent on removal of the specimen 
ex situ. The cystic kink, although present in only a small proportion 
of the series (5 per cent), is altered in the operative manipulation. 

Verification of the experiment might be made on the intact dog but 
this would not be wholly satisfactory since the dog’s valves have but 
few and small leaflets. 

PATHOLOGY 

That the leaflets of the valves of Heister are concerned in disease of 
the gallbladder is obvious in any study of cholelithiasis. In seven of a 
series of 612 postmortem examinations inspissated bile was found 
packed in the leaflets and gallstones were found in seventeen. Such 
obstructions play a part in hydrops and probably in many cases of 
empyema of the gallbladder. Inspissated bile alone, when packed in 
the leaflets of the cystic duct, may produce sufficient obstruction to check 
the flow of bile from the gallbladder ; thus the bile becomes excessively 
concentrated with probable change in the relative content of bile salt. 
In such event a change in the acidity of the bile would occur, and. 
according to Lichtwitz’s theory of the formation of gallstones, the 
ideal conditions for biliary calculi would be present. 

Naunyn “ has emphasized the part stasis of bile plays in the formation 
of gallstones, as produced by mechanical obstruction from kinking oi 
the cystic duct, or by actual blockage oi the duct itself. Schmieden 
believes that kinking of the duct alone, without inflammaton,' or obstruc- 
tive changes, is sufficient to cause severe colic in the area of the 
gallbladder. 

14. Lichtwitz, L. : Experimcntelle Umersuchuiiijon ulxr die BiMini;' vhij- 
l^iederschlagen in der Gallc. Deutsches Arch. x. klin. .vied. 93il00'10S, iVti/, 

15. Naunvn, B.: Zur Lehre vom Aufbau und Unibau der Gallciisieir.e, Mitt. a. 
<1. Greiizgcb. d. ^led. u. Chir. 37! 545-550, 1924. 
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CONCLUSIONS 

1. There are two contrary views with regard to the function of the 
valves of Heister; they are (a) that the valves aid in the storage of bile 
in the gallbladder until digestive demands require its egress from the 
gallbladder, and (b) that once bile has entered the gallbladder the valves 
prevent it from leaving by way of the cystic duct. Anatomic study of 
the valves does not favor either hypothesis. 

2. A study of necropsy specimens showed that solutions passed in 
either direction through the cystic duct with equal facility. 

3. The functional activities of the valves of Heister cannot be very 
important, since the majority of animals do not possess the valves or their 
functional equivalent. Moreover, eight normal gallbladder specimens 
from human beings examined at necropsy were without leaflets or indi- 
cations of their having existed. 

4. The study suggests that the valves of Heister check the rapid 
passage of bile into or out of the gallbladder, presumably so that bile 
in the gallbladder may remain at a relatively uniform consistency. If 
such is the function of the valves they aid in maintaining the gallbladder 
as a uniform sampling organ of bile, as suggested by Mann.^® 

16. Mann, F. C. : The Functions of the Gallbladder, Physiol. Rev. 4:251-273 
(April) 1924. 



BRITTLE BONES AND BLUE SCLERA 

HEREDITARY HYPOPLASIA OF THE MESE^'CIIYME * 

J. ALBERT KEY, AI.D. 

ST. LOUIS 

1. INTRODUCTION 

Having had under treatment a typical case of that type of fragilitas 
ossium which is commonly called “brittle bones and blue sclera,” I am 
in a position to describe for the first time the pathology of the condition, 
and to add certain clinical observations to those which are included in the 
rather extensive literature on the subject. 

The term “fragilitas ossium” is loosely applied to conditions that are 
characterized by an abnormal fragility of the bones. Bone fragility may 
be congenital or acquired, and may be due to developmental defects or to 
local or general absorption of the mineral constituents of normal bone. 
It is one of the most obscure subjects in modern medicine. The 
terminology is confused and the pathology is not well understood. 

Our knowledge is particularly vague in regard to the so-called idio- 
pathic or developmental types of bone fragility. This includes three 
fairly well defined clinical conditions: (1) osteopsathyrosis, described 
by Lobstein in 1833 as a definite clinical entity; (2) osteogenesis 
imperfecta, described by Vrolik in 1849 as a separate condition, and 
(3) the syndrome of brittle bones and blue sclera, described by 
Spurway ^ in 1894. 

Hundreds of articles have been written on fragilitas ossium in general 
and the foregoing conditions in particular, but it is still a question 
whether or not they are all merely different terms for one condition. 
In regard to osteogenesis imperfecta and idiopathic osteopsathyrosis. 
Looser = prefers to call them osteopsathyrosis congenita and tarda, hold- 
ing that in each the pathologic process is the same, the only difference 
being that in the former the fractures are present at birtii while in the 
latter the fractures occur in infancy or childhood. Somewhat similar 
views are held by Sumita,® Bauer * and others who have recently studied 
the pathology of the first two types of fragilitas ossium. 

♦From the Shriners’ Hospital for Crippled Children, and the Depariment oi 
Surgery, Washington University School of Medicine. 

1. Spurway, J.: Hereditary Tendency to Fracture, Brit. M. J. 2:845, 189d. 

2. Looser, E. : Zur Kenntniss der Osteogenesis Imperfecta congenita ct tarda, 
Mitt. a. d. Grenzgeb. d. Med. u. Chir. 15:161, 1906. 

3. Suniita, M. : Beitrage zur Lehre von der Chondrodystrophia fuetalis ur.d 
Osteogenesis imperfecta, Deutsche Ztscbr. f. Chir. 107:1, 1910. 

4. Bauer, K. H.: Ueber Identitat und Wesen der Sogeiianntcn Osteopjathy- 
rosis und Osteogenesis imperfecta, Deutsche Ztschr. f. Chir. 160:289, 1920. 
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In regard to the third type which is associated with blue sclera, the 
pathology is largely unknown as Bronson’s = description of the structure 
of the sclerotic coat of an eye from a case of brittle bones and blue 
sclera is the only report on the pathology of any of the tissues which I 
have been able to find in the literature. Not only is the pathology 
unknown but descriptions of the various clinical aspects of the condition 
are scattered through a rather extensive literature and it is only with 
difficulty that one is able to obtain a comprehensive clinical picture of 
the syndrome. 

In our case we have roentgenograms of the entire skeleton and 
microscopic sections of the bone, tendon, muscle and skin from material 
removed at operation. We have determined the basal metabolism, 
studied the blood chemistry, and have also obtained the total phosphorus, 
calcium and nitrogen balance over two six day periods. The chemical 
analyses are being made by Dr. Ethel Ronzoni and will be reported in a 
later article. 

From our own observations and an analysis of the cases reported in 
the literature we are able to describe a clear cut clinical syndrome which 
we shall term hereditary hypoplasia of the mesenchyme. The most 
prominent feature of the condition is that the sclerae of the affected 
persons appear to be china blue in color and that the blue sclerae are 
transmitted as a dominant hereditary characteristic. Many of the affected 
persons are afflicted with fragilitas ossium, hereditary deafness and 
hypermotility of the joints. All of the abnormalities seem to be due to 
defects in the development of some of the tissues which arise from the 
mesenchyme. 

In this article we are not especially concerned with the possible 
identity of the various types of fragilitas ossium, but shall endeavor to 
give as completely as our present knowledge permits the clinical and 
pathologic picture of the condition which we call hereditary hypoplasia 
of the mesenchyme. As the condition is a very complex one it seems 
best to consider it under the following headings : history, report of case, 
heredity, physical characteristics, the eyes, deafness, fractures, deformi- 
ties, conditions of the joints and muscles, roentgenographic appearance 
of the bones, pathology, other abnormalities, laboratory findings, com- 
ment and summary. 

2. HISTORY 

Blue sclera was first described by Von Ammon in 1839. Credit for 
the first recognition of the association of brittleness of the bones and a 
blue appearance of the sclera is universally given to Eddowes,® who 
in a brief note in the British Medical Journal in 1900 reported three 

5. Bronson, E. : Fragilitas Ossium, Edinburgh II. J. 18:240 (April) 

6. Eddowes, A.: Dark Sclerotics and Fragilitas Ossium, Brit. M. J. — — ’ 
1900. 
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cases. I find, however, that the claim to priority by Spurwav • is 
justified. In the British i'l edical Joiinidl in 1896, Spurway ^ described 
a family of fourteen persons in four generations ; ten of these had had 
multiple fractures, and he noted that the only other abnormality common 
to many members of the family was a curious bluish tinge of the 
eyeball which in some members was very marked. 

The publication of Spurway’s findings apparently attracted little 
attention as the article has not been mentioned in any of the succeeding 
articles on the subject. In 1900 Eddowes in a short note called attention 
to the syndrome, and in 1908 Peters ® reported a family in which blue 
sclera was transmitted through four generations. 

Since 1910 the syndrome has been widely studied, its hereditary 
nature has been established, and certain other conditions have been added 
to the original symptom complex of blue sclera and brittle bones. Chief 
among these is hereditary deafness, the occurrence of which was noted 
independently in 1917 by van der Hoeve and de Kleijn “ and by 
Bronson.® 

3. REPORT OF CASE 

History. — A girl, aged 12 years, was admitted complaining that her bones were 
easily broken, having had thirty-three fractures. 

The father was living and well, and the father’s family history was negative. 
The mother was living and in good general health. She had blue sclera, wa,s deaf, 
and had had two fractures. The grandmother and the great-grandmother on tlie 
mother’s side of the family had blue sclera and were deaf. It is not known 
whether or not they had fractures. The patient had three brothers and two 
sisters. All were living, and all had blue sclera. Two brothers and one sister 
had had multiple fractures. 

The mother was a rather large woman, w’ith a height of C6 inches (107.d cm.) 
and weighing 184 pounds (83.5 Kg.). The maternal grandmother was of small 
stature. 

The patient had been a normal full-term baby, iiad nursed si.x months, and had 
then fed on condensed milk. She began to walk at about 18 months. Her denti- 
tion was normal. In her second year she was severely ill with infantile diarrhea. 
There had been no illness since, e.xcept an occasional cold. She has had nune of 
the e.xanthemas. Menstruation began at 12 years and was normal and regular. 

Present Illness . — ^The first fracture occurred in her third year when -he 
slipped and fell to the floor, breaking the right forearm. .At the age of 3 site 
fell and broke her right leg. The leg was broken again the ne.xt year and healed 
in a position of deformity, and has not been straight since, though it was fractured 
several times manually, and at one time a wedge of bone was removed in an aiiempt 
to straighten it. She fractured the left femur once, lioth legs and lv,th forearjn-> 

7. Spurway, J. : Fragilitas 0.ssium, Blue Sclerotics and Otosclerosi.-. Brit. 
M. J. 1:826, 1917. 

8. Peters: Blaufarbung des .Augapfels, Klin. Monatabl f. .Augenlt. 4 G:!j‘J, 
1908; Blaue Sclera und Knocheiibruschigkcit, ibid. 51:52-4, 1913. 

9. Van der Hoeve, J., and de Kleijn, A.: Blauwc Sclera. Xederl. Tijtl-chr. 

V. Geneesk. 1:1003 (March 31) 1917; Blaue Sclera, Kr.ochcnbruciiigkeii uj.d 
Schwerhorigkeit, .-Xrch. f. Ophth. 95:81, 1918. 
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several times, and both clavicles at least once. In all there had been thirty-three 
fractures. At the age of 6 she was given crutches and a brace for the right leg, 
but broke the left leg several times while wearing the brace on the right. 
During the period from 8 to 10 years she walked on her knees. During the last 
two years she had been confined to a wheel chair. The fractures had always 
occurred after very slight violence. The last one (the fracture of the right leg 
which at present was not united) occurred when she was walking on her knees 
and attempted to get up on the curb. Her leg struck the curb and the bone was 
broken. The fracture occasioned so little pain that she continued to the theater 
where she was going and sat through and enjoyed the performance. Her father 
stated that this lack of pain had been a characteristic feature of all her fractures. 



Fig. 1.— Patient with hereditary hypoplasia of the mesenchyme before and after 
correction of the deformities. 


As an example he cited an instance when her physician was examining her eit 
forearm eight weeks after a fracture: in testing for the firmness of union, tit 
bone was heard to snap as it was broken again. But the patient “didn t bat an 
eye,” and complained of little pain. 

Physical Examination.— The patient was a rather obese young girl, with a 
height of 55.5 inches and weighing 101 pounds (45.8 ^g.). S le 
rather short and was unable to walk or stand without support (n& 
was fair, rather dry and delicate in texture, and was covered with t*’‘-‘Ckle5. 
liair of the head was abundant and brownish red. It was dry and coarat. 
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eyebrows and eyelashes were normal. The axillary hair and pubic hair were 
normal. The nails were normal. 

Head: The head ^vas normal in contour, with a circumference of 19^< inches 
(49.4 cm.). The ears were rather small. There was some retraction of the car- 
drums. The hearing was normal. 



Fig. 2. — Passive and active hyperextension of the fingers, deformity of right 
elbow and freckles on arms. 

Nose: The septum was slightly thickened, and l>nh miiidle nirijinatei Here 
slightly enlarged. 

Eyes: The pupils were equal and regular. They reacteil iK.rm.ilIy '.o ligist 
and accommodation. The ophthalmoscopic examination wa» negatiie. The extr.*- 
ocular movemetits were normal. Intra-ocular ien>ii'n was i;''rm;il. 'J J:e 
appeared to be a clear china blue in color. The bine lint wa> ilir'-er 



528 


ARCHIVES OF SURGERY 


anterior part of the bulb in a zone around the cornea corresponding to the uvea. 
There was a slight embryotoxin. 

Throat : The tonsils had been removed. There were some remnants of 
adenoid tissue present. The tongue was normal. The teeth were all present and 
in unusually good condition. They were normal in size and structure and in good 
alinement. There was one small cavity which was filled. 

Glands: There was no glandular enlargement; the thyroid was not enlarged; 
the breasts were normal. 

Chest: The chest was rather full and barrel shaped. The costal angle was 
about 90 degrees. Expansion was good and the lungs were normal. 



Fig. 3. — Hyperextension of the knee and range of motion in the ankles. 

Heart: The heart w'as normal. The pulse was 80; the systolic blood pressure 
was 120, the diastolic 80. The arteries were soft. The abdomen was normal. 

The external genitalia were normal. The musculature was normal except ni 
the lower extremities, where there was some atrophy and weakness from disuse. 

The reflexes were normal. Intelligence was normal. The spine was lordotic 
but otherwise normal. 

Upper Extremities: The shoulders were normal. There were slight deformi- 
ties of both elbows, the carrying angle being lost and the inner condyle or the 
humerus being higher than usual. Flexion of the elbows was normal. Extension 
was limited to 180 degrees on the right and 170 degrees on the left. Supination 
of the right forearm was limited. The fingers were slender and tapering. Move 
merits of the wrists and fingers were more free than normal. It was possible to 
hyperextend the fingers to about 90 degrees (fig. 2). 
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Lower Extremities: The length of the right leg was 30 inches (76.2 cm.) ; of 
the left, 29J:; inches (74.2 cm.). The length of the right femur was 17 inches 
(42.5 cm.) ; of the left, 16)4 inches (42.4 cm.). The circumference of the right 
thigh was 16 inches (40.6 cm.); of the left, 15j4 inches (38.7 cm.). The cir- 
cumference of the right calf was 9)4 inches (23.4 cm.) ; of the left, 10J4 inches 



Fig. 4. — Sclerosis and deformity of the right tibia and fibula ; tl.c arr..v.- j,. inis 
to a subperiosteal fracture due to a slight injury. 


(26 cm.). The thighs were normal. The patellae were unu.-ually >n:a!l. '1 ! 
was a marked anterior Ixnving of the right leg: tl:e ajK-.x of the cur.e i:i 

lower half of the leg anil was covered by an e.^ten-ive >car whiL-h .eilar 
to the bone. In this scar was :i sin.ill ulcer. The cur\e lie-crihid ..u urt 
70 degrees, and was chiefiy in the lower half of tlie leg. the h.;lf t.f 

leg being straight (fig. 4). On the left side th.ere was an antiri. r b ...h:g hi 
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upper third of the leg, the lower part of the leg being straight. The angle of the 
deformity was 60 degrees. There appeared to be an incompletely united fracture 
of the tibia at the apex of the deformity (fig, 5). The feet were relaxed and 
pronated. There was hypermotility of all the joints of the lower extremities 
(fig. 3). 

Ankles ; Flexion was to SO degrees and extension to ISO degrees. 



Fig. 5, — Sclerosis and nonunion of the left tibia. 

Knees: There was increased lateral mobility and hyperextension on the rioht 
to 22 degrees, and on the left to 15 degrees. With the knee extende ^ 
possible for the patient to flex the hip to such a degree that the hce cou 
placed over the shoulder and behind the head. 

Urinalysis: The urine was consistently normal. 
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Blood: Hemoglobin was 85 per cent; red blood cells totaled 5,432,0w): 
white blood cells, 10,500. 

Differential Count; Polymorphoniiclears totaled 51 per cent; polymorphonu- 
clear eosinophils, 3 per cent; lymphocytes, 34 per cent, and monocytes, 12 per cent. 

Basal Metabolism: The finding was — 3, normal. The tuberculin, Wasser- 
mann and Schick tests were negative. 

Blood Chemistry: The pa was 7.58; phosphates totaled 4.06 mg. per hundred 
cubic centimeters, and calcium, 12.17 mg. per hundred cubic centimeters. 

The roentgenographic findings are given in section 11, 

Operations.— An operation was performed on the left leg by Dr. G, C. .AhI)ott. 
Jan. 5, 1925. An incision was made over the internal aspect of the junction of 
the upper and middle thirds of the tibia where there was a pronounced angulation 
forward. A pseudo-arthrosis was found with massive sclerotic bone in the 
posterior half of the upper end of the lower fragment, and with a sliglit amount 
of sclerotic bone in the upper fragment. The bone was sectioned oblirpiely with 
removal of wedges from both fragments, one from the posterior aspect of the lower 
fragment and a second from the anterior end of the upper fragment. Tlie frag- 
ments were then overlapped and fixed with two beef bone screws. It was not 
necessary to do an osteotomy of the fibula. A general anterior curvature of the 
tibia that could hardly be corrected remained, but the main deformity w.is greatly 
improved. The wound was closed with catgut to the periosteum, silk to skin. Tlie 
leg was fixed in a plaster-of-paris cast. The step operation for the cure of tlie 
nonunion in the fracture of the upper third of the tibia is shown in figure 6. 

February IS, convalescence was uneventful. The stitches were removed. Tlie 
wound was clean. 

February 18, the plaster was changed. Clinically the leg felt solid. 

February 25, the patient while in a wheel chair struck her right leg against a 
bed. There was no swelling, ecchymosis or false motion, but there was slight 
tenderness over the lower third of the right tibia and the roentgen ray .-howed an 
incomplete fracture of the tibia at this point (fig. 4), 

March 2, I performed an operation on the right leg. The rather 
extensive scar over the anterior surface of the ape.x of the curve in the 
tibia was excised by an elliptical incision about 5 inches (12.7 cm.) long. The 
scar was intimately bound to the periosteum, which was very thin and delicate, 
and was stripped from the bone with case. The tibia was then exposed by stripping 
back the periosteum in the area of the curve, and with an osteotome a weilge with 
an anterior base was removed. The bone was very hard and brittle. Tl:e fibida 
was exposed through a lateral incision. In making this incision it v.as found 
that the fibula lay very deep in the leg and jiosterior to the tibia. There was a 
thick layer of superficial fat, and the fascia of the leg was not white and glivteii- 
ing as is normal but was a delicate pink connective tissue membrane. The nbuhi 
was divided w'itli an osteotome. An attempt was made to correct the deformity, but 
shortening of the soft tissue on the posterior surface of the leg interfered with 
correction, A curved incision about 5 inches long was made on the posterolatiral 
surface of the leg, and the tendon of achilles was exposed. The tei.d- n <•{ 
achilles was most unusual in that it was about the diameter of a lead j eticil (■ i:e- 
fourth inch, or 0.6 cm.) and translucent in appearance, there being a -iril.i:;.' 
absence of the dense white fibrous tissue usually seen. Its cuh-r wa> a dehc-te 
pink rather than white. The tendon of .achilles wa.s split h ngirndinally J 
sectioned by the Z method and lengthened about 2ij inches (6.2 cm. i. Tl.e •..• .::.d 
was then closed :ind an attempt was in.-idc to straighten the leg. Tiurc wu-. 
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considerable difficulty in accomplishing this and the ends of the cut tibia were 
remodeled with the rongeur forceps so that the lower fragment was pointed on tlie 
upper end, and the lower end of the upper fragment hollowed out to form a 
socket into which the lower fragment fitted. It was then possible completely to 
correct the deformity; but, with this done it was found that the skin edges could 



Fig. 6. — ^Left tibia eleven weeks after operation showing callus formation and 
beef bone screws in place. 

not be made to close over the denuded bone. Consequently, a tension cut about a 
inches long was made through the skin on the lateral surface of the 
tension sutures of silk and catgut were used to draw the skin together. . > 
this was placed, the tension sutures were removed. The tension incision was ^ 
open and covered with petrolatum gauze. The leg was encased in plaster witi 
deformity partly corrected. 




KEY— BRITTLE BONES AND BLUE SCLERA 


533 


In addition to the striking delicate pink color of the tendon of achillci and 
of the deep fascia as noted in this patient, there was an unnsual friability of tlie 
soft tissues. The blood vessels tore easily. The periosteum was so delicate that 
it could be pulled apart with a pair of tissue forceps, and the scar over the tibia 
was much less dense than normal scar tissue. This condition of the fibrous 



pj.r, 7. — Right leg two weeks after osteotomy showing callu- fi/rin.ita :! 


tissue was in sharp contrast to that of the bone which setiiKil to 
hard and brittle. 

March 12, the stitches were removed. The wounds were clean 
April 2. the c.ist was changed. The union w.*> firm. T!:e .ief. r::i;;., 
lower third of the leg below the .«ite of the operaiii n was 'till pte-.i-i 
April 20. osteocla>is of tlie right leg wa> iiertornu.! hj I>r. Kt... 
the ostet>cla>t the Ixme was ir.iCture<l at th.e apex «>j ti.e t r. 


:jM:-n..llv 


111 
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socket into which the lower fragment fitted. It was then possible completely to 
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inches long was made through the skin on the lateral surface of the 
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final i.ir ii .i:e. ’I'hi. coiulilioii of the filiroiis 



7. — Rifthl let; two week^ after D.'.teotoiiiy showiiiK callus formation. 

ti‘>M]e wa-> ill -.harii coiiira-.t to that of the bone which seemed to be unusually 
hard and brittle. 

.March IJ, the .■.titches were removed. The wounds were clean. 

.Ajiril 2, the ca-.t was chaiif'ed. The union was firm. The deformity in the 
lower third of the Ick below the site of the operation was still present. 

.April 20, o.steoclahis of the rif-hl leu was performed by Dr. Key. With 
the o-.teocla:.t the bone was fractureil at the ape.x of the forward Ixiw. The 




Fig. 8. — Right leg twelve weeks after osteotomy and eight weeks after osteo- 
clasis below, showing callus formation and incomplete correction of the deformity. 

May 20, the cast was changed. The union was firm. The deformity was not 
completely corrected, but on account of the marked genu recurvatum it was felt 
advisable not to correct fully the anterior bow of the lower leg (fig. 8). 

June 10, the patient was learning to walk with short plasters around the legs 
(fig. 1). 

June 30, the patient was discharged, walking with crutches, and was told to 
wear celluloid splints on the legs. 
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4. IIEREDITV 

It is to be emphasized that the factor of heredity is of fundamental 
importance in the condition with whicli we are dealing. Fragile hones 
or blue sclera occurring singly or together in a patient with no similar 
cases in the family cannot he considered as belonging to the group under 
discussion. 

That the condition is hereditary was pointed out by Spurway ‘ and 
Peters ® in their early articles. 

During the last fifteen years many family trees have been publi.^bed 
which show that blue sclera and brittle bones are dominant hereditary 
characteristics in certain families. The most important of the.se are sum- 
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group of blue sclera and brittle bones. They concluded that the factor 
that determines the imperfect, brittle development of the bones is a 
dominant one and that “a parent who is, or who was in early life, 
osteopsathyrotic will have half of his children so affected no matter 
whom he marries except that, if the consort be also osteopsathyrotic, it is 
to be expected that three-fourths of the children will be affected.” 

Unfortunately the authors did not distinguish between the three 
clinical types of fragilitas ossium. In their family 10 the second genera- 
ation seems to have osteogenesis imperfecta and these children were all 
born of healthy parents. The others of the first thirty families seem to 
be cases of osteopsathyrosis idiopathica. In these the condition was 
transmitted by the father thirty-one times, and by the mother only 
four times. 

In the cases of brittle bones and blue sclera the condition is more 
often transmitted by the mother to her children, though' it may be 
transmitted by either the male or the female, and in certain families, 
such as Spurway ’s ^ and van der Hoeve’s and de Kleijn’s family Y, 
it was transmitted only by the male (table). In these families, there 
were no children born to affected females. 

The characteristic feature of the heredity of blue sclera and )>rittle 
bones is that the condition is transmitted only by affected parents to 
their children. A generation is never skipped as is the case in hemo- 
philia (knight’s move of Bateson). 

Children with normal sclera bom of affected parents will have nor- 
mal childi'en. Furthennore, only the persons affected with blue sclera 
are subject to brittle bones and the other stigmas of the condition. The 
members with white sclera are also normal in other respects. 

As was pointed out by Ruttin the fractures occur in childhood 
while the deafness comes on in adult life. That is one reason why so 
few cases of deafness are recorded in the accompanying table. The 
other reason is that it was not described as a part of the syndrome 
until 1917 and in most of the families reported deafness has not been 
looked for. 

In the third column of the table is given the number of susceptible 
persons. A susceptible subject is a person one of whose parents was 
affected with the hereditary type of blue sclera. In the twenty-one 
families there were 388 susceptible persons. Of these 241, or 62 per 
cent, inherited the condition of hypoplasia of the mesenchyme. 

In considering the incidence of multiple fractures the family of 
Stephenson and Harman will be omitted as the presence or absence ot 

13. De Kleijn (footnote 9, second reference). -•.■•n* 

14. Ruttin; Ohrbefund bei Osteopsathyrosis, Monatschr. f. Obrenb. a 
1919. 
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Scoliosis and kyphoscoliosis have been reported by van der Hoeve 
and de Kleijn ® and others. The small stature is in many cases partly 
the result of the deformities but in others it is simply due to the fact 
that the bones are shorter and slenderer than normal, 

Bronson ® has called particular attention to the peculiar types of head 
found in the affected members of her two families. In the first family 
the frontal and occipital bones were unusually prominent yet there was 
none of the squareness of the rachitic head. The suture lines of the 
occipital bone were palpable and there was a history that two members 
of the family had had patent fontenelles throughout life. In the second 
family, the abnormality of the head was more pronounced. The char- 
acteristics of the head were “a frontal and supra-aural prominence; a 
slight tilting downward of the axis of the eye, ears bent outward and 
downward, and a slightly underhung jaw.” This is a typical osteo- 
genesis imperfecta type of skull. 

In Ruttin's case the skull was of the hydrocephalic type and the 
sella was cuplike. Stenvers noted an unusual configuration of the hind 
part of the skull. The deformity was a rather definite angulation of the 
occiput as though it had been folded on a hinge, and there was a clear 
fracture or vessel line in this region. This is similar to the occipital 
prominence noted by Bronson in the Currie family. In our case the 
head was rather large, 19^ inches (49.4 cm.) in circumference, and 
there was a definite prominence of the forehead, but there was no unusual 
occipital bulge or angulation (fig. 1). We do not consider the shape of 
the head as abnormal, and this is also true of six other affected members 
of the family of whom we procured photographs. Buxton, who examined 
the Oxford family reported by Stobie,®* concluded that the heads were 
not abnormal. 

6. THE EYES 

An abnormal blue appearance of the sclera is an essential part of the 
clinical picture. As stated in the section on heredity, only those members 
of the family who have blue sclera are subject to the abnormalities 
to be described. The color has been described as a clear china blue, a 
slate blue or a gray blue. The depth of the blue varies in different 
individuals of the same family, as was noted by Spurway,^ The color 
IS not uniform but is darker in. the anterior portion of the sclera over 
the ciliary body. Behind the ciliary body, which as a rule can be 
distinctly outlined on the sclera in these eyes, the lighter gray blue 
extends as far back as the sclera can be seen. 

23. Stenvers, H. W.: Rontgenologische Bemerkungen, Arch. f. Ophth. 95.94, 
1918. 

24. Stobie, W.: The Association of Blue Sclerotics with Brittle Bones and 
Progressive Deafness, Quart. J. iled. 17:274 (April) 1924. 
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All authorities are agreed that the blue of the sclera is not due to 
a pigmentation but is the result of an abnormal transparency of the 
sclerotic coat of the eye which permits the blue uvea to shine through. 
Eddowes ® suggested that the transparency of the sderotics indicated 
a want of quantity or quality of the fibrous tissue forming the frame- 
work of the various organs of the body and probably explained the 
want of spring or toughness in the bones of these persons. 

Peters® believed the sclera to be actually thinner than normal. 
Conlon was able to demonstrate the increased transparency by means 
of a Sach’s lamp. He considered the unusual transparency as probably 
due to some change in the quality of the tissue rather than to an actual 
thinning of the sclera. In support of this view he stated that if the 
sclera were thinned one would expect to find cases of buphthalmos in 
these families, or at least of axial myopia. 

Fridenberg, who examined Herrman’s case, stated that if the sclera 
were thin, some cases should show distention of the globe, as in infantile 
glaucoma or hydrophthalmos or coloboma or posterior staphyloma. He 
suggests that the blue sclerotic and lead gray iris are due to a trans- 
parency dependent on the absence of lime salts in the connective tissue 
of the sclera and iris. 

In the two instances in which blue sclera were subjected to histologic 
examination exactly opposite conclusions were drawn. Buchanan -^ 
studied an eye removed from a girl aged 9 years who had blue 
sclera. The removal was necessitated by an injury to the eye. In this 
eye the cornea was three-fifths and the sclera was only one-third the 
normal thickness. There was a decrease in the number but no change 
in the size of the sclerotic fibers. 

Bronson® reported the condition of the sclera of an infant aged 
11 months who was a member of her first family and who had blue 
sclera. The eye was removed post mortem. J. V. Patterson examined 
the sections and stated that the sclera was of normal thickness and that 
the size and number of the fibers were normal for a child of that age. 
Bronson stated that Buchanan’s case had no family history of fractures 
and that one has no reason to assume that it belongs to the fragilitas 
blue sclerotic group. 

Embiy'otoxon was noted by Peters ® in the family described by him. 
It is apparently not of great significance in the syndrome. It was 
present in the families reported by Stephenson,*® Hannan,*® Conlon,^® 

91 ? Ponlnn F A • Five Generations of Blue Sderotics and Associated Ostco- 
porofis. Bostok M. & S. J. 169:16. 1913. 

26. Herrman, C: Blue Sderotics and Brittle Bones, Am. J. Dis. Child. 9:203 
(March) 1915. 

27. Buchanan: A Case of Maldevelopment of the Cornea and Sclerotic, Tr. 
Ophth. Soc. 23:267, 1903: Ophthalmoscope 8:685, 1910. 
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and in the family Y of van der Hoeve and de Kleijn ° but was absent in 
their family X. A slight embryotoxon was present in our case. Kerato- 
conus was present in Behr’s case. Stephenson noted a Fuch’s colo- 
boma in his case. Cataract was present in two of the cases of van der 
Hoeve and de Kleijn. Most of the cases that were refracted showed 
astigmatism and hypermetropia (Conlon, Stephenson, Harmon, Bronson, 
van der Hoeve and de Kleijn and others) . Myopia was noted five times 
by van der Hoeve but was not present in the other families described. 
The fundi were uniformly negative in all cases examined. The intra- 
ocular tension was normal. 

It is to be noted that blue sclera occurs in other conditions, such as 
congenital buphthalmos, and when the whole development of the eye is 
backward. It may occur apparently spontaneously in persons nonnal 
in other respects, as in Bronson’s Mrs. L. A slight blueness of the 
sclera may be present in anemia, tuberculosis and certain forms of 
heart disease. 

On the other hand, there are a number of cases in the literature in 
which blue sclera and fragile bones occurred sporadically in persons 
in whose families there had been no similar cases : Bronson,® Herrman 
Ostheimer,-® Hoffmann,®® Gutzeit and others. Whether or not these 
cases belong in the group under discussion it is impossible to say. They 
certainly resemble our case in a great many ways. However, I have 
found no record to the effect that the disease has been transmitted to 
children in such a sporadic case. 


7. DE.AFNESS 

The first mention of deafness in a case of mesenchyme hypoplasia 
was in 1912 by Adair-Dighton,®® who simply noted its presence in a 
member of his family. Likewise Behr®* in 1913 noted deafness in his 
case. The credit for definitely including hereditary^ deafness in tlie 
syndrome should be divided between van der Hoeve and de Kleijn 
and Bronson,® who described the condition almost simultaneously 
in 1917. 

Van der Hoeve and de Kleijn reported two families. In the first 
family all of the eleven patients with blue sclera who were examined 
were deaf. The deafness was of the otosclerotic type in all cases, but 


28. Behr, C. : Beitrage zur Aetiologie des Keratoconus, Klin. Monatsbl. t. 
Augenh. 51:281, 1913. 

29. Ostheimer, M. : Fragilitas Ossium, J. A. M. -A 63:1996, 1914. 

30. Hoffmann, W. : Ueber Blautarbung der Sklera und abnorme Knoc en 

bruchigkeit, -A.rch. f. klin. Chir. 107:279, 1915. ^ r • 

31. Gutzeit, R.: Ueber blaue Sklera und Knochenbruchigkeit. Klin. Mona s 
f. Augenh. 68:171, 1922. 

32. Adair-Dighton, C. A.: Four Generations of Blue Sclerotics, Opn 
scope 10:188, 1912. 
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in the advanced cases this was complicated by labyrinthine disease 
(nerve deafness). In the second family three of the six affected per- 
sons were deaf. They emphasize the fact that in many of the younger 
patients the beginning deafness had not been noticed but was brought 
out by the aural examination. 

In Bronson’s Currie family there were eight adults who had blue 
sclera and seven of these developed deafness in early adult life. The 
other adult died at the age of 23 and deafness had not been noted. 

•Three of her patients were examined by J. S. Frazer. All showed 
otosclerosis and one also had nerve deafness. One adult of this family 
who had white sclera was examined and found to have normal hearing. 

Four of Voorhoeve’s patients were examined for deafness and 
all showed labyrinthine deafness. Ruttin gave a detailed examination 
of the deafness in his case and noted that the deafness develops in 
later life while the fractures occur in early life. Hass,-“ Straat,®“ 
Freytag,®^ Blenke and Weichmann and Pool noted deafness in 
varying degrees in their families. In the family of our patient the 
mother is deaf and so was the maternal grandmother. The family is 
widely scattered and it has not been possible to examine these or to get 
a detailed history of the other adult members of the family. Our patient 
is now 12 years old and her hearing is apparently normal, but it is 
probable that she will develop deafness in adult life. 

To explain the deafness in her cases, Bronson assumes that there was 
a deposit of calcium salts in the middle ear. Stenvers,-® in studying the 
skulls of the families of van der Hoeve and de Kleijn roentgeno- 
graphically, found that the petrous bone cast a dense shadow and that 
there was a compact opaque mass covering and obscuring the entire 
vestibular region. From these findings he was able to make a clinical 
diagnosis of sclerosis and abnormal calcification of the labyrinthine 
system. Ruttin confirmed the presence of otosclerosis by histologic 
examination of the petrous bone. 

8. FRACTURES 

Multiple fractures are a characteristic feature of any series of cases 
of hereditary hypoplasia of the mesenchyme, though they are Ijy no 
means present in every person affected with the blue sclera. In the 210 
persons in the accompanying table who had blue sclera 146 had multiple 
fractures, an incidence of 70 per cent. It is to be emphasized that if 
one of the parents has blue sclera the children are liable to have brittle 
bones even though the parent had no fractures. The incidence of frac- 

33. Straat, H. L. : Blauwe Sclerae, Fragilitas Ossium eii Otosklcrost*, Xcclerl. 
Tijdschr. v. Geneesk. 1:152 (Jan. 13) 1923. 

34. Freytag: Ueber blaue Sklera u. Knochenbrucbigkcit, Klin. Munaisbl. f. 
Augenb. 66:507, 1921. 
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tures in the children of parents with blue sclera is 42 per cent (table). 
In our family the mother has blue sclera but has had no broken bones. 
Four of the six children have had multiple fractures. The other two 
children are still quite young. 

In contrast to osteogenesis imperfecta the fractures are not as a 
rule present at birth afid are not spontaneous. In most cases they 
occur in early childhood and are always assignable to a definite cause, 
though the causative force is often less than would be necessary to break 
a normal bone. The fractures ‘continue to occur off and on through 
childhood. In most instances the tendency of the bones to break easily 
decreases after puberty, and the average patient, if not crippled by 
deformities due to malunion of fractures received in childhood, is able 
to pursue a normal life. However, sometimes the brittleness of the 
bones persists into late adult life. 

The number of fractures is not as a rule great. The average 
patient probably suffers from six to eight fractures, and it is unusual 
for any of these unfortunates to have more than ten. Our case with 
thirty-five fractures in a period of ten years is, with the exception of 
the case with sixty-one fractures reported by Terry,®® the most severe 
that I have seen recorded. This is in sharp contrast to osteogenesis 
imperfecta, in which great numbers of fractures are the rule. Many of 
these children pass through a period of from one to two years when 
fractures are very frequent. In our case this period included the eighth 
and ninth years of life. During this time the patient hardly recovered 
from one injury before another occurred. 

The long bones, especially those of the lower extremities, are the 
ones most frequently affected. In our case there were fractures of 
both clavicles, both arms, both forearms, one thigh and both legs. In 
the literature are instances of fractures of the mandible, ribs, patella, 
pelvis and fingers. The bones of the face, the scapula, the sternum and 
metacarpals, and the bones of the ankle and foot seem not to have 
suffered. There are no definite instances of fracture of the spine or 
skull, though the roentgenograms of Stenvers are suggestive of old 
fractures in all of these regions. 

In some cases certain bones seem to be especially brittle. European 
observers feel that the femur is fractured more frequently than any 
other bone. In our case the femur was broken only once, and the 
majority of the fractures occurred in the legs. Conard and Davenport *- 
believe that the tendenc,v to fracture certain bones is inherited, the 
weak bones varying in different families. The reports in the literature 
are too cursorj'^ to permit a checking up of this theory at present. 

35. Terrj', W. I.: Hereditarj- Osteopsathyrosis, Ann. Surg. 68:231 (Aug.) 
1918. 
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In regard to the character of the fractures, they are usually simple 
transverse or oblique breaks. Some of them are subperiosteal without 
displacement. Others are incomplete, being simply cracks in the bone 
(fig. 5). Greenstick fractures apparently do not occur and I know of 
no instance in which one of these fractures was comminuted. There is 
a history of a compound fracture of the right tibia in our case. It is 
the only one in the literature, I believe. 

Reye found most of the fractures occurring in the shafts of the 
long bones at the ends of the diaphysis near the epiphysis. In the other 
cases in the literature and in our family they have been limited to the 
diaphysis, but no particular region of the diaphysis has been favored. 
In this connection it is remarkable that there is no instance of a fracture 
of the neck of the femur in any of these families. The shafts of the 
bones are apparently so much weaker than the epiphyses that epiphyseal 
fractures do not occur. Likewise, there are no instances of epipliyseal 
separation among these cases. 

The amount of pain and swelling occasioned by a fracture seems to 
varj' in different cases. In our case they were relatively slight. Thia 
is contrary to the experience of Hass and Blencke,*^ both of whom 
found a degree of pain in their cases commensurate with the fracture. 
The pain was, however, relieved by rest of the extremity. It is probable 
that the pain and damage to the soft parts vary inversely with the 
force exerted in producing the fracture. Their cases had relativel}- few 
fractures; our case had a great many. Any one who has seen acute 
fractures from slight violence to atrophic bones must have noticed that 
the pain and swelling are much less than occur in similar fractures 
caused by severe trauma to normal bones. In our patient the fractures 
were usually the result of slight force and were consequently accom- 
panied by little damage to the soft parts and were not very painful. 

Rapid healing of the fractures was noted by Spurway ^ in the first 
family reported. He stated that in one instance consolidation was 
quite firm at the end of four days. Hass and Singer report fairly 
firm union in from four to eight days. We discovered this to our chagrin 
in the treatment of our case. In the correction of the long curve in the 
right leg, the osteotomy corrected the upper part of the curve. Tlie 
lower part was to have been corrected by an osteoclasis but the injury 
to the very tender skin necessitated a window in the cast for dressings. 
A forward bowing of the tibia occurred under the window and almost 
reproduced the original deformity. Twelve days after the operation we 
attempted to remold the limb manually, but the union was so finn th.at 
we were unable to do so. When the patient began to walk the marked 

36. Reye: Ueber diffuse Blaufarbung der Sklera. Deutsche tr.ed. 

4:125, 1917. 
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genu recurvatum caused us to leave the slight anterior bow in the lower 
leg as her line of weight bearing seemed to be better than it would be 
if the bone were straightened. 

The fractures tend to heal with a minimum amount of callus and 
deformity. This, I believe, is due to the fact that in many of the 
fractures there is little or no displacement and a minimum amount of 
damage to the soft parts and -stripping up of the periosteum. In our 
case postoperative roentgen-ray examination showed about the normal 
amount of callus (figs. 6, 7 and 8). The nonunion of the left tibia in 
our case is, I believe, the only case of nonunion in this condition which 
has been reported (fig. 5). It was probably the result of inefficient 
fixation as the bone united promptly after operation. The nonunion 
of the patella reported by Gutzeit occurred in a nonhereditary case. 

Hass noted that so firm is the union that refracture through the 
seat of an old fracture practically never occurs. This is probably true 
because the healing of a fracture in these cases is often accompanied by 
more or less sclerosis of the bone. In many instances the fractures heal 
perfectly and leave no sign even in the roentgenogram. However, in 
our case, in spite of the marked thickening of the cortex of the right 
tibia, it has been broken ten or twelve times in the lower half of the 
shaft (fig. 4). 

9. DEFORMITIES 

Many of these patients develop severe crippling deformities, especially 
of the lower extremities and spine. It is to be emphasized that these 
deformities are the result of malunion of fractures and are preventable. 
That they are not due to softening of the bones is illustrated by the 
necks of the femora and the contour of the pelvis in our case. Were the 
bones softened one would expect to find an osteomalacic type of pelvis 
and a bilateral coxa vara. On the contrary, the pelvis is normal in 
contour and there is a definite bilateral coxa valga (fig. 9). The coxa 
valga is probably a secondary change in the angle of the neck of the 
femur due to the fact that in this patient weight bearing has been con- 
siderably restricted since infancy. As will be mentioned below, the bones 
are unusually hard but brittle. 

In our case, the shafts of the femora though slender are normal in 
contour. The deformities of the legs are clearly the result of old frac- 
tures. There is even less secondary curving in the bone above and 
below the deformity than one usually finds in such cases in growing 
children (figs. 4 and 5). The deformities of the forearms, elbows and 
clavicles are clearly the result of old fractures. The bones that have 
not been broken, though slender, are not bowed. 

Scoliosis and k}'phosis have been reported in several instances. 
Stenvers noted that in those cases with kyphosis and scoliosis the 
defonnities were sharp and angular such as result from mild crushing 



KEY— BRITTLE BONES AND BLUE SCLERA 


545 


fractures of one or more vertebral bodies rather than gradual curves, 
such as one would expect to find if the deformities were the result of 
general bone softening. Another possible explanation of these spinal 
curves is that they are due to the general laxity of the ligaments of the 
body. In our case the spine was lordotic and unusually flexible for 
such a short and heavy torso. 

10. CONDITIONS OF THE JOINTS -\ND MUSCLES 

In those aflPected with hypoplasia of the mesenchyme the fibrous 
structures supporting the joints are unusually loose, and the range of 
motion in the joints is greater than is found in the average normal 
person of a similar age and physical type. This laxity of the liga- 
ments in some families leads to frequent sprains and dislocations. In 
the first description of the condition Spurway ^ stated that the members 
of his unfortunate family suffered from bruises and sprains without 
number. One member of the family suffered a dislocation of the elbow. 

Conlon -® reported a dislocation of the hip associated with a fracture 
of the femur in a girl, aged 12, who was a member of his family. The 
injury resulted from a fall of only a few inches, but he laid no stress 
on the occurrence of a dislocation in this family. Behr®® in 1913 first 
emphasized the fact that the joints in these cases are often abnormal. 
His patient was a small undernourished woman, aged 38, who had had 
dislocations of the foot, knee, right shoulder and recurrent dislocation 
of the left shoulder. The family history was not given but the fact 
that the patient developed otosclerosis at 19 years leads us to include 
her in the hereditary group. As the roentgenograms of the joints 
showed no abnormality of the bone, Behr concluded that the joint cap- 
sules were at fault and that the condition was a congenital defect due to 
a disturbance of the internal secretions. 

In the Currie family reported by Bronson ® dislocations were almost 
as frequent as fractures, and occurred only in those members who had 
blue sclerotics and brittle bones. This observation of Bronson’s to the 
effect that dislocations are almost as frequent as fractures has not been 
borne out by other observers, as few instances are recorded in the 
literature. Freytag®^ reported a case in which the patient had dis- 
location of the patella at 2 years of age. In one of Singer’s patients 
a dislocation of the clavicle occurred at years, and one dislocation of 
the shoulder occurred in a member of the second family rejiuried by 
van der Hoeve and de Kleijn.® From these meager reports one would 
judge that dislocations are rather rare among these cases. 

Sprains are perhaps slightly more common than are di.slocations. 
They were first noted by Spurway,* and Cockayne** from the large 
number of sprains which occurred in the family studied by him con- 
cluded that the ligaments were abnonnally weak and that there was 
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Several other authors have mentioned and illustrated the roent- 
genograms of certain bones. Conlon stated that in his case the long 
bones presented a thin cortex and a broadened medulla^ canal. On 
the shaft of the femur were irregular enlargements over which the 
cortex was very thin. The epiphyses were much broadened and 
devoid of a cortical outline. 

. Cockayne noted that in his family the long bones that showed no 
evidence of fracture exhibited no trace of rickets and were normal 
except near the ends where they were more transparent than normal. 
Somewhat similar findings were recorded by Reye whose case showed 
high grade atrophy affecting only certain bones, and the atrophy was 
most pronounced near the ends of the diaphysis where the fractures 
usually occurred. Bronson ® did not describe the roentgenograms of 
the bones in any of her cases but some of her illustrations show rare- 
faction of the bones. 

Voorhoeve described a very thin cortex which stood out sharply 
from the surrounding tissues. The bones contained only a slight pro- 
portion of lime salts and showed a rarefaction of trabeculae. In cer- 
tain fractures little or no endosteal but very strong periosteal callus had 
been formed. A somewhat similar picture was present in the case 
reported by Hass.®” The long bones were very short with a broad 
marrow cavity and a thin cortex (excentric atrophy). The epiphyses 
were normal in contour but small and surrounded by a thin shell of 
compacta. The trabeculae of the epiphyses were decreased in number. 

In Singer’s case there was a diffuse atrophy of the entire skeleton, 
with bending of some of the long bones. The only sign of the previous 
fractures was a sclerosis of the middle third of the left tibia. The 
skull was unusually long. The base was normal but the vertex was 
very thin and appeared to be composed of several islands of bone 
surrounded by dentate suture lines. The inner table was only 1 mm. 
thick. In the case of Weichmann and Pool the upper third of the 
shaft of the femur was thin and bowed. The carpal bones were 
rarefied and the bones of the hand were very thin. 

We have roentgenograms of the entire skeleton of our patient. The 
skull is normal in contour and there is no evidence of old fractures. 
The bones of the skull and face are thin and less dense than normal. 
The paranasal sinuses and mastoid cells are well developed. There is 
no abnormal sclerosis of the petrous portion of the temporal bone. In 
the vertex the suture lines are rather faint and the region of the 
lambdoid suture is occupied by a number of unusually large wormian 
bones which are similar to the bone islets present in Singer’.s case. Tlie 
external table is thin over the occiput. The sella is normal. Th.c teeth 
are normal. 
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The spine shows no scoliosis or kyphosis. The bodies of the 
vertebra are definitely smaller than is normal for a person of 12 years. 
They are of about the normal density and are of the heavy type (broad 
and short). The laminae and spinous processes are normal and no 
spina bifida is present. In the hunbar region the transverse processes 
are small and short (fig. 9). 

The ribs are of normal density but unusually slender, especially in 
the region of the posterior angle. The upper five ribs abruptly sag 



Fig. 9. — Pelvis: normal contour, coarseness of bone structure and bilateral 
coxa valga should be noted. 


downward and inward from the posterior angle. The bone structure 
of the ribs is coarsened. 

The clavicles are slender and have a thick dense cortex and a 
narrow central canal. In each there is evidence of an old fracture ot 
the middle third. At this point the cortex is thickened and there is a 
break in the line of the bone. The scapulae are normal. 

The shafts of the humeri are slender while the epiphy.ses are oi 
about the normal size. In the shaft the cortex is relatively thickened 
and the marrow cavity is reduced in diameter. The bone structure Js 
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coarsened, especially in the lower portion of the diaphysis where the 
large trabeculae are clearly visible. There is no evidence of the old 
fractures (fig. 10). 

In the region of the elbow the epiphyses are all united and the 
bone is of normal density. The coronoid processes are unusually large. 



Fig. 10. Right elbow: deformity and cuiiceiitric atrophy of tlie h ug 

should be noted ; the striation of the thick corte.\ is faintly visible. 

There is a gentle posterior bowing of the .shafts of the ulnae, whiclt is 
more marked on tlie right side. With the forearm itrunated li'.c h.etifi 
of the radius projects one-fourth inch (0.6 cm.; bevota! tlte e.xternal 
condyle. The .shafts of the bones of the forearms are sli'glul.v less iu 
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diameter than is normal and have a thick cortex and a narrow marrow 
cavity. In structure the cortex is faintly striated; the striations run 
parallel with the long axis of the bone. The lower ends of the bones 
of the forearm and the carpal bones are normal. The metacarpals and 
phalanges are rather slender and the cortical bone presents the longi- 
tudinal striations mentioned above (fig. 11). 



Fjg. 11. — Right hand: the bones are slender and the structure coarsened. 

The pelvis is broad and symmetrical and of the normal female type. 
There is no evidence of any fractures or of deformity due to softening 
of the bones. The sacrum is set unusually high as though it a 
slipped upward about one- fourth inch. The pubic rami are ratter 
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slender. The bones are definitely more radiant than nonnal and the 
trabeculae are larger and fewer in number than normal. In the region 
of the sacro-iliac joints the bone is coarsely granular in appearance 
(fig. 9). 

The two femora are similar in size and contour. The femoral 
head is rather small (diameter, li%6 inches on the plate), and faces 
directly upward, the epiphyseal line being approximately horizontal. 
The neck is rather narrow (diameter, 1 inch), and is in a valgus posi- 
tion (collodiaphyseal angle, right 165 degrees and left 150 degrees). 
The great trochanter is large and is not yet united. The lesser 
trochanter is united to the shaft. The diaph 3 ’^sis is slender (diameter, 
three-fourths inch), and the marrow cavity is narrow (one-quarter 
inch diameter), occupying only about one third of the width of the bone. 
The lower end of the femur is approximately normal. There is a 
slight genu varum (fig. 6). The density of the bone is perhaps slightly 
less than normal and the bone structure of the cancellous bone is 
coarser than normal. The patella is small. 

The leg bones have been fractured frequently and present different 
deformities. In the upper third of the left tibia there is a fracture that 
is not united. The fibula is united. In the region of the fracture there 
is an anterior bowing of 60 degrees. The shaft of the tibia is rather 
slender and the cortex is thin, especially on the anterior conve.x surface. 
In the region of the fracture the bone ends are unusually dense and 
the marrow cavity is obliterated b}’’ sclerotic bone. The bones arc less 
dense than normal and the cortex is striated (fig. 5). 

In the right leg the bones are bowed anteriorly 70 degrees, the 
deformity being a long curve in the lower half of the leg. The fibula 
is thin except in the region of the deformitj", where it is thickened. 
The tibia is rather slender but is definitely denser than that of the 
left leg. The cortex is thickened anteriorly in the upper half and 
posteriorly on the concave side of the curve in the lower half. In the 
region of the deformity the bone is sclerotic and the narrow marrow 
cavity is crossed by frequent trabeculae. The corte.x is striated. 1 he 
epiph)'ses of the leg bones are decreased in densitj’ but normal in other 
respects (fig. 4). 

The bones of the feet are markedh’ decreased in deii.^iiy and il'.e 
shafts of the metacarpals and phalanges are ver\’ slender. W hile our 
patient was under observation we studied roeiitgenographically ilie 
healing of the operated bones and of the incomplete fracture m th.e 
tibia. 

In the incomplete fracture (fig. 4) the bone imite<l with n.o vi-ible 
callus; the ends simph’ grew together and the fracture line di.-appeared. 
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In the fracture caused by the osteoclast there was a small amount of 
periosteal callus formed on the mesial and lateral aspect of both fra^^- 
ments (fig. 8). 

The osteotomy of the tibia seemed to grow together also with a 
minimum of callus when viewed from the lateral aspect, but on antero- 
posterior view disclosed fairly extensive periosteal callus on both sides 
of the fracture. Endosteal callus also seemed to be definitely present. 
The separated ends of the fibula united by a massive callus (figs. 7 
and 8). 

In the left tibia where the bone ends were reshaped and screwed 
together a fairly extensive callus was quickly formed. It extended 
around the bones and filled the space between them. The fibula in 
this case threw out an extensive periosteal callus on the inner side of 
the fracture (fig. 6). 

In our patient the bones of the skull and face are thinner than 
normal. The short bones are about normal though perhaps a little 
decreased in size, and the long bones have epiphyses that are approxi- 
mately normal, but the diaphyses all show definite concentric atrophy. 
The density of the bones is about normal for bones of the same size, 
except in the lower extremities where the bones are decreased in 
density. This lack of the normal amount of mineral matter in the leg 
bones is probably an atrophy of disuse, as our patient had not walked 
for about three years. An unusually coarse structure of the cancellous 
bone was noted in our case. There was also an abnormal striation of 
the cortex of some of the long bones. 

It is to be noted that the bones described in the literature fall into 
two groups: eccentric atrophy with a thin cortex and a wide marrow 
cavity, and concentric atrophy with a rather thick cortex and a narrow 
marrow cavity resulting in an unusually slender diaphysis. At present 
it is not possible to say whether or not either type is characteristic of 
a given family, or which type is the more common. 

12. PATHOLOGY 

Other than the descriptions of the sclerae referred to above, the 
pathology of the tissues in the hereditary hypoplasia of the mesenchyme 
is not in the literature. From the two operations performed on our 
patient we obtained specimens of the bone, the skin and scar tissue, 
the tendon of achilles and striated muscle. 

Gross Examination of Bone. — ^The surface of the tibia is less 
smooth than normal. The periosteum is adherent but friable and when 
pulled off small bits remain attached to the bone. The cortex is 
unusually thick and very hard. The brittleness was evident when in 
attempting to cut a fragment with a sharp chisel the bone was broken 
rather than cut. On section the cortical bone appeared to be unusually 
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porous, being perforated with numerous canals easily visible to the 
eye. No typical cancellous bone was obtained. 

Microscopic Examination . — A small piece of bone was cut in thin 
cross and longitudinal sections with a jeweler’s saw. The sections of 
the dried bone were then ground on a hone until they were very thin. 
They were then dried and mounted in balsam. The rest of the tissue 
was fixed in Zenker’s fluid. The bone was decalcified in hydrochloric 
acid in 95 per cent alcohol solution. Small pieces left in .Muller’s 


Fig. 12. — Corte.\ of right tibia (cross section) : tlie iujnie.''<<ti'> wiile caiUiK c-':;- 
taining a very vascular connective tissue should be noted (32 nun. objective). 



fluid were not decalcified after three months. Ihe li.-'site was eini>cdde'i 
in paraffin or celloidin and sections were stained by a variety of 
methods. .Ml sections e.xann'ned showed an tjini.'Ually ilnck corie.-; 


which was penetrated by a great number of wiile canrds and re-embled 
embryonic bone. In the main the.se canals ran parallel to tl.e I*.:.,' 
of the bone but by means of large tran.sverse and obli ine br.a.nci.o they 
communicated freely with one ainilher. with tlie marrow cavity .a:;.! witn 
the periosteal surface — \ olkmann s canals (JiLf’- 1- ni.d l.ii. i i.:: 
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cross and oblique canals are so numerous that it is often difficult to 
determine whether a given section is a cross or a long. section of the 
bone. In the dense bone between the larger ' canals a few typical 
haversian canals are present. These, too, run irregularly through the 
bone and in some instances can be seen to communicate with the large 
canals. In some areas large dense masses of bone are seen in which 
no canals are present. 

The wide canals contain a delicate myxoma-like connective tissue 
(figs. 14 and 15). This tissue is very vascular and in some of the larger 
canals twenty or more vessels may be present. The larger vessels run 
roughly parallel to the axis of the canals but some of the smaller vessels 



Fig. 13. — Cortex of right tibia (longitudinal section) : a strip of adherent peri- 
osteum is present in the upper part of the picture (32 mm. objective). 


pursue a tortuous course. Not infrequently the vessels are arranged 
in bundles of an artery and two or more veins. Each bundle is 
surrounded by a delicate connective tissue sheath, and several of these 
may be present in a large canal. 

The walls of the arteries are normal in structure but are perhaps 
a little thinner than are normal arteries of the same size. The veins 
often appear widel}’’ dilated and their walls are extremely thin. In 
certain instances veins with a diameter of 1.5 mm. have walls that 
appear to be composed of only a single layer of endothelium which rests 
on the delicate connective tissue filling the canal. -A. striking asymmetry 
is present in the walls of some of the larger veins, one wall consisting 
of fifteen or more layers of cells and fibers while the opposite ua 
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consists of only a single layer of endothelium resting in a basement 
membrane of a few connective tissue cells and fibers. 

In addition to the arteries and veins, a number of lymphatic vessels 
are present in the large canals. They are variable in size and all have 
thin walls. Some of them are empty, others contain a thin coagnlum 
which stains like fibrin. 



Fig. 14. — Right tibia (cross section) : the area occupied by tlie wide canal.', is 
almost equal to that occupied by bone (16 ram. objective). 


The groundwork of the connective tissue in the canaLs is made up of 
delicate collogenic fibers. They are not wavy and arc not .-irraii.ijeJ iti 
dense bundles as collogenic fibers elsewhere are. They form a li.-o;e 
network in the canal and in some areas are arranged in .•'heave-, ur 
whorls. 

In sections stained by Weigert’s method for elastic lis'Ue a few liark 
brown or black fibers can be demon.straied in the lo(.^e connective ti^ne. 
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These fine elastic fibers tend to run parallel to the long axis of the 
cand, but may cross or even branch dichotomously. 

The loose connective tissue is sparsely populated by cells The 

WastT Thev fibro- 

blasts. They are spindle or stellate in shape with a large round or 



Fig. 15. — Cortex of left tibia (longitudinal section) : There are periosteum 
above, a wide canal in the center filled with delicate connective tissue and four 
small haversian canals near the surface (8 mm. objective). 

oval vesicular nucleus and slightly eosinophilic cytoplasm. A moderate 
number of mature connective tissue cells with small deeply staining 
nuclei and thin elongated cell bodies also are present. 

In addition to the fixed connective tissue cells a moderate number 
of round or ovoid wandering cells are present in the loose matrix. A 
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few of these are small lymphocytes. Others are slightly larger witii 
round or ovoid nuclei and slightly basophilic cytoplasm (primitive cells 
or plasma cells or larger lymphocytes). The majority of these wander- 
ing cells are apparently monocytes with a large kidney shaped nucleus. 
Occasional osteoblasts and osteoclasts are seen lodged in the connective 
tissue far from the bony wall of the canal. 
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In most places the walls of the large canals are lined by one or 
more layers of osteoblasts (fig. 16). These are usually arranged as a 
single layer of flattened or cuboidal cells but in some spots the bone 
is covered by three or four layers of cells and small pockets or recesses 
in the bone may be completely filled by osteoblasts. They have rather 
large, deeply staining nuclei and the protoplasm is like ground glass in 
appearance and stains a light purple in hematoxylin and eosin prepa- 
rations. They resemble the osteoblasts of normal bone, but are present 
in greater number than osteoblasts in normal bone. In some areas the 
layer of osteoblasts is absent and the delicate connective tissue of the 
large canal is in direct contact with the bony framework. The smaller 
canals, which we regard as typical haversian canals, are not lined by 
osteoblasts. 

A few osteoclasts are seen in most of the sections. They are large 
multinuclear cells whose nuclei and cytoplasm resemble the osteoblasts 
in staining characteristics except that both stain slightly deeper with 
the hematoxylin. They each contain from three to eight nuclei and as a 
rule lie on the surface of the bone wall or in Howship’s lacunae, but 
may be free in the connective tissue. 

The structure of the matrix of the bone is similar to that of normal 
bone except that the lamellae are very irregular in their arrangement. 
They are chiefly ground lamellae which run in every direction and 
apparently bear little relation to the course of the larger canals (fig. 16). 
In the thicker areas of bone, the smaller, or haversian, canals are usually 
surrounded by a series of concentric lamellae. In the case of the large 
canals the lamellae may run parallel to the wall of the canal, but more 
often than not they meet the canal at a right or an oblique angle and 
have no tendency to form concentric layers around the canal. 

The organic matrix, like that of normal bone, is made up of alter- 
nating sheets of coarse collagenic fibers. Each sheet consists of a single 
layer of parallel fibers and the fibers in alternating layers tend to be at 
right angles to one another. In Weigert preparations an occasional 
dark brown elastic fiber is to be seen coursing through the bone matrix. 

In the superficial portion of the cortex Sharpey’s fibers are present. 
In sections stained with Mallory’s phosphotungstic acid hematoxylin 
they are seen as coarse reddish brown collagenic fibers which run from 
the periosteum to the bone. They stain as does the bone matrix but 
can be traced for some distance into the bone, running through the 
la 3 'ers of lamellae. 

The bone cells are about as numerous as in normal cortical bone 
and lie in lacunae that have their long axes parallel to the enveloping 
lamellae. In the interlamellar areas where the groundwork has no 
definite structure the lacunae are shorter and thicker and may be 
roughly spherical in shape. In thinly ground sections of dried bone. 
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and in sections of decalcified bone stained by Scbinorl's thionin method, 
the intercellular canaliculi are visible (fig. 17). These miiuite aavih 
are thickly set around the periphery of the lacunae, ruiming out in all 
directions, pursuing a wavy course, and ujiiling with the canaliculi from 



Fig. 17. — lloiii; lacunae and canaliculi s(aiiK-<l li.v Sclnnv.'rr.> thi' i:!:! a. :' 
the upper picture the canaliculi pa^s fnnn « ne lacuna to .in-divr; i.’i 
picture the canaliculi are mostly .-ecn in cr«<.'.'> si-cta-n ( J inm. i-il ■ ;; 



neighboring lacunae. In many in.»iances ctmaliculi fn-m fa 
ing lacunae not only are cotuimiou.s but send wU braia l.ci th;; 
.'Similar branches from canaliculi t»n either .'ide. tiat' !<'!!:, 
intimate anastoinosi.s. In projterly stained sectn'::' ’.oc : 
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be seen to send protoplasmic processes into the canaliculi, and it is 
probable that in the living state the bone cells form a true syncitium; 
though I have not been able to demonstrate direct protoplasmic continuity 
between the cells in sections. In areas in which the lacunae are 
arranged in different planes, the canaliculi can often be traced across a 
row of lacunae in a different plane to unite with the canaliculi from 
the next -row that lie in the same plane. The lacunae that lie close to 
the large canals communicate with them by means of numerous 
canaliculi which open into the canals. This is true of both the haversian 
and the larger (Volkmann’s) canals. 

A section from the site of the nonunion in the right tibia presents 
a border of dense sclerotic bone 5 mm. in thickness. This sclerotic bone 
is not lamellated in structure and contains no canals or nutrient vessels. 
It is sparsely populated by cells. In some areas near its free border the 
cells are arranged in rows or nests as is typical of cartilage though here 
the matrix is definitely calcified. 

Between the eburnated border zone and the rest of the shaft there 
is a zone of very atrophic bone where bone absorption and formation 
is in progress. The bone absorption is being carried on by osteoclasts 
which appear to be eroding some of the lamellae. The new bone is for 
the most part being formed by osteoclasts in the typical manner. In 
other areas the bone is being laid down in membrane or by calcification 
of connective tissue. A small calcified area is surrounded by a network 
of radiating fibers which gradually merge with the surrounding tissue 
of the large canals. From the center outward bone cells, osteoblasts 
and typical fibroblasts are met with. Apparently all transitions exist 
between these three types of cells. 

At the operation the periosteum was found to be firmly adherent 
to the bone, but it was unusually friable and bits of it could be pulled 
off with tissue forceps. It was pinker and more delicate than is the 
fibrous periosteum of normal bone. Microscopically, it resembled nor- 
mal periosteum and was composed of an outer fibrous and an inner 
reticular layer (fig. IS). The outer layer was made up of coarse, 
wavy collagenic fibers, most of which ran parallel to the long axis of 
the bone. It contained a moderate number of mature connective tissue 
cells. The inner layer was made up of delicate collagenic and elastic 
fibers which formed a loose reticulum. Here the connective tissue cells 
were more numerous and of a younger type than the lamellar cells of 
the outer layer. A few wandering cells also were present. Xe.xt to the 
bone cortex was a layer of osteoblasts. They resembled those of nor- 
mal bone in size, number and arrangement. A number of coarse 
collogenic fibers from the outer layer crossed the reticular layer and 
extended into the hone (fibers of Sharpey). At the places where the 
large canals (Volkmann’s) opened on the cortex, the reticular layer of 
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the cortex was continuous with the reticular tissue tillin.:; the canals, 
while the fibrous layer of the periosteum spanned the openings with.oui 
dipping into the canals. The blood and lymph vessels lay in the reticular 
layer and were normal in size and number. 

The tendon of achilles was unusually small, the diameter l;eii’icr 
about one-fourth inch. In the fresh state it was light pink aiul traits- 




Fig. 18. — Corte.x of left tibia (.longitudinal .-cctii'n) : Tla* j.-.-ri oit-.;!:: 
above; the irregularity of the bone lamellae should be imivi! <.S ir.::’.. < 'ijt.'ti'.e.' 


lucent in appearance. The dense white iiher> oi r.onnal teudo:: were 
not present. On microscopic e.xaminaihm. both in cr<»" and 
sections the tendon appeared to be .'ipproxiin.’itely iionnal. 'i'l.c 
were normal in size and apjiearance. and were gruiUiv! m urt-c.i'.jr 
bundles as are those of normal tendon. Th.ey reacted u .m'-a!!;.' tbe 
various connective tissue stains. There was j<eri;:ij > .a 
in the vascularity of the tentlun. and th.e cou.uec'i'. e ■..e;,- 

more numerous than usual but nonnal in .'i.ie and aru-.'-ccuu;.;. 
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body. These calcium metastases have not been noted by other observers, 
unless we consider the otosclerosis as being such. 

A macular atrophy of the skin was present in the case of Blegvad 
and Haxthausen.®® The patient was covered with grayish purple spots 
varying in size from minute spots up to areas 2 cm. in diameter. The 
base was smooth, sunken below the level of the surrounding skin, and 
the underlying veins were clearly visible. Microscopically there was 
an atrophy of the corium. In our case the skin was freckled and 
rather dry but otherwise normal. 

Dentition is, as a rule, normal. In one of Voorhoeves’ cases, the 
jaws were small and the lateral incisors were pointed inward. In the 
nonhereditary case of Vander Veer and Dickinson*® the teeth were 
translucent and obviously lacked mineral salts, and the gums were 
spongy and bled easily. In Stobie’s family some of the members 
showed deficiencies in the enamel of the teeth and gave a history of the 
teeth breaking away on biting bread. Crocco ** noted late development 
of the teeth. In our case the teeth were nonnal. 

Hemophilia was present in ten members of the large family studied 
by Voorhoeve. It has not been present in other families and is not yet 
proved to be a part of the syndrome. 

The neurologic examination is as a rule negative and the intelligence 
is normal. The only exception in the literature is the case of brittle 
bones and blue sclera in a mongolian idiot reported by Bolten.*® (I am 
not sure that this case was of the hereditary type.) 

Infant Mortality . — Bronson noted that in her family there was an 
abnormally high infant mortality rate among the affected members as 
compared with the normal members. In the family of Hass there 
were ten deaths in infancy or early life among the twenty-four per- 
sons. Tuberculosis was of frequent occurrence in the family ' of 
Voorhoeve. 

Congenital Anomalies . — In one of the families of van der Hoeve 
and de Kleijn there were seven cases of syndactylism. Voorhoeve 
noted cleft palate three times, an adduction of the little fingers once, 
and rachischisis twice in his family. One of Blencke’s cases had con- 
genital torticollis. 


39. Bleg\-ad, O., and Haxthausen, H.; Blue Sderotics and Brittle Bones, with 
Macular Atrophj' of the Skin and Zonular Cataract, Brit. M. J. 2:1071 (Dec. 24) 
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Laboratory Findings . — ^No abnormalties have been noted in the urine 
in these cases and none was present in our case. A number of authors 
have commented on the slight lymphocytosis present. In our case 
34 per cent of the white blood cells were lymphocytes. We do not con- 
sider this unusual in a child. Thinking that perhaps there might be 
some abnormalities in the white blood cells, the blood was examined 
by the supravital technic several times. The living cells exhibited 
motility, contained the usual amount of mitochondria and reacted to 
neutral red as do the normal blood cells. The calcium and phos- 
phorus content and the hydrogen ion concentration of the blood in our 
case were normal, the blood clotting time was normal and the basal 
metabolism was normal. 

14. DIAGNOSIS, PROGNOSIS AND TREATMENT 

The diagnosis is made by the presence of an abnormal bluish tint of 
the sclera which was also present in one or both parents. The presence, 
or absence of fractures or other stigmas is not necessary for the 
diagnosis. 

The prognosis is that acute fractures will unite quickly. After the 
patient reaches the age of puberty it is probable that the fractures will 
cease to occur, though there are several cases on record in which frac- 
tures from minor forces have occurred in adult life. It is certain that if 
an affected person has children, approximately half the children will be 
afflicted with the condition. 

Treatment . — ^The patient should be advised to lead a normal life 
but to refrain as much as possible from subjecting the bones to trauma. 
Drugs, chemotherapy, vitamins, diet, light rays and endocrine prepara- 
tions have been tried. No form of treatment is known to have any 
effect on the condition. Acute fractures should be treated just as 
though the patient were normal. The treatment should be prompt and 
the period of immobilization can be shortened, as the bones tend to 
unite quickly. Deformities, if present, should be corrected. These 
patients stand operations well and there is no cause to fear nonunion 
after osteotomies. As a measure of prevention these unfortunate per- 
sons should be told that if they marry and have children at least half 
the children may be expected to be afflicted with hypoplasia of the 
mesenchyme. 

13. COMMENT 

The term “hereditary hypoplasia of the mesenchyme” is used to 
describe the condition usually called brittle bones and blue sclera. This 
is because it has been shown that in these cases many of the mesen- 
chymal tissues may be underdeveloped. 

This type of fragilitas ossiiun is hereditary and in addition to the 
brittleness of the bones is characterized by blue sclera, small stature, 
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hypermobility of the joints and a weakness of the fibrous structures 
throughout the body. The cases that reach adult life tend to develop 
progressive deafness. 

The hereditary factor is a dominant one. The condition is iniierited 
directly from an affected parent. Of children one of whose parents 
is affected with blue sclera, 62 per cent are born with blue sclera and 
42 per cent suffer multiple fractures. There is no skipping of genera- 
tions and the children of affected parents who are themselves not affected 
do not transmit the condition to their offspring. 

The blue appearance of the sclera is not due to a deposit of pigjnent 
but is due to an abnormal translucency of the fibrous tissue which per- 
mits a shining through of the deeper tissues. From observations in 
the fascia and tendons in our case it is probable that the sclera is 
thinner than normal and is of an abnormal quality. 

The fractures in these cases are not spontaneous but are flue to 
definite causes. In most instances, however, the violence causing the 
fracture is less than would be necessary to break a normal bone. The 
deformities are due to malunion of old fractures and not to softening 
of the bone. Roentgenograms of the skeleton in our case showed a 
general decrease in the size of the bones, a thinning of the skull, and a 
concentric atrophy of the long bones. 

There was cortical striation of compact bone and coarseness of 
structure of spongy bone. The bones that had not been subject to disuse 
showed little rarefaction. There are cases in the literature in which the 
bones are reported as being rarefied and e-xhibiting eccentric atrophy. 
Whether or not the two types occur in the same family is not known. 
There have been no adequate roentgenographic reports on several mem- 
bers of a family. Such studies are needed to clear up this phase of the 
subject. 

Examination of the bone removed at operation from our patient 
showed it to be unusually hard and brittle. The structure was similar 
to that of normal bone except that the lamellae were irregular in arrange- 
ment and the amount of compact bone was decreased by the presence 
of numerous large canals. The cortex of the tibia was honeycombetl 
with large canals which contained a very vascular connective tissue. 

The presence of these canals explains the cortical striaiions seen in 
the roentgenograms. They also partly e.\'plain the case with which the 
bones are fractured. The irregularity of the lamellae probably renders 
the bone less strong than normal. A third factor is the jjrobahility that 
there is some abnormality in the quality of the fibrous tnatrix of tile 
bone. This is suggested by the observation that the tendon of achilles 
was pijik and translucent in apj)earance and much reduced in diameter; 
on microscopic examination, however, the fibrous Mruciure of ilie 
tendon was normal in appearance. The nature of tlie abnormality in 
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the quality of the fibrous tissue is not known. It is probable that it 
involves all the collagenic tissue in these patients and explains the 
friability of the blood vessels, fascia, periosteum and subcutaneous 
tissues noted in our case. 

The rapid healing of the fractures in these cases is explained by 
the presence of large numbers of osteoblasts in the wide canals of the 
cortical bone. 

The blood of our patient was examined several times and the 
hydrogen ion concentration and calcium and phosphorus content were' 
always within normal limits. The pa tended to the alkaline side of the 
normal range and the calcium and phosphorus tended to be a little high. 

From our studies hypoplasia of the mesenchyme seems to be an 
anomaly of development rather than a derangement of metabolism. 
The hypoplasia is apparently limited to those tissues derived from the 
mesenchyme. We have found no evidence of any endocrine disturbance 
in our patient. It is certain that the condition exists in varying degrees 
in different individuals who are affected with the hereditary type of 
blue sclera. It is probable that those who have not had fractures have 
abnonnalities in the structure of the bones similar to those present in our 
case. That they have not had fractures is due either to the condition 
being less in degree or to the fact that the bones have been subjected 
to less trauma. 

From what has been said above it is probable that hereditary 
hypoplasia of the mesenchyme is in no way related to any of the 
acquired forms of bone fragility. We have then to consider its possible 
relation to osteogenesis imperfecta and to idiopathic osteopsathyrosis. 
In spite of the opinions of numerous German authors that these two 
conditions have the same pathologic basis, it seems better to consider 
them as separate conditions because they certainly present different 
clinical pictures. 

In regard to osteogenesis imperfecta, it is to be noted that this condi- 
tion is not known to be hereditary. The typical patient is born of 
apparently normal parents and presents numerous fractures at birth 
or in infancy. Most of the patients die in infancy and so cannot 
transmit the condition. Furthermore, no case of osteogenesis imperfecta 
has been recorded in any of the families afflicted with hereditary hypo- 
plasia of the mesenchyme. 

In idiopathic osteopsathyrosis the fractures occur in childhood and 
are not as a rule numerous. It is known that some of these patients 
have blue sclera, and it is probable that they also present other evidence 
of hypoplasia of the mesenchyme, though this has not been noted in any 
of the cases reported. The few reports on the bone in this condition 
resemble the pathologic findings in our case. In brief, our case resembles 
closely some of the reported cases of idiopathic osteopsathyrosis. The 
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only known difference is that in our case the condition is a dominant 
hereditary character. To settle the question of tiie identity of the two 
conditions we need a patient with idiopathic osteopsathyrosis with blue 
sclera and born of normal parents who has transmitted the condition to 
some of his or her children. 

On the other hand, there are cases of nonhereditary idiopatln'c 
osteopsathyrosis with sclera of normal color. Tlie question as to 
whether or not these form a separate group cannot be decided at this 
time. It is certain, however, that they do not fit into the group which 
we term hereditary hypoplasia of the mesenchyme 

A fourth and rare type of idiopathic bone fragility is that knowti a.s 
marble bones, or Albers- Schonberg disease. It is probabl\- not heredi- 
tary.** This is not usually classed as a type of fragilitas ossium but the 
hardness and brittleness of the bones noted in our ca.sc are at least 
suggestive that the two conditions have some features in comnum. 

From what has been said in the foregoing it is possible to cla.ssify 
idiopathic bone fragility as follows: 

1. Hereditary Form: Hereditary hypoplasia of the mesenchyme. 

2. Nonhereditary Forms: (a) Osteogenesis imperfecta; (h) 
osteopsathyrosis with white sclera; (c) osteopsathyrosis with blue 
sclera. 

3. Probably Not Hereditary: Osteosclerosis fragilis generalisata. 
or marble bones. 

16. SUMM.VRV 

From an analysis of the literature it i.s shown that blue sclera is the 
only feature of hereditary h^'poplasia of the mesenchyme which is 
present in every case and which is tran.smitted as a riominant hereditary 
character. 

The other abnormalities are short stature, brittle bones, hypermobility 
of joints and deafness. 

Our observations lead us to believe that idiopathic fragility of 
bones is due to an abnormality in development rather than to a metabolic 
disturbance. 

43. Glover, D. M. : Ostcops.athyrosis. .Arch. Sur:*. 5:4'>4 (N'-tv.) 1V2J. 

44. Davis, G. G. ; Osteosclcrosi.-! Fragilis Gciicralisaia, .Arch. .Sssrg. 3:44'l 
(Xov.) 1922. 
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comprehended under the term of vertebral epiphysitis are causes of 
static disturbance. 

Finally, as further evidence that vertebral epiphysitis is a cause of 
spinal deformity, I wish -to present two previously reported cases with 
additional data. 



Fig. 1 (case 1). — Lateral view, April 20, 1924, showing normal dorsal and 
lumbar curves, mottling and iiaziness of upper dorsal intervertebral spaces, indis- 
tinct and irregularly thickened upper and lower outlines of dorsal vertebrae and 
thickened posterior epiphyses ; comparison should be made with figure 2. 

REPORT OF CASES 

Case 1. — E. B., a girl, aged 13 years and 7 months, was admitted to the Hospi- 
tal for the Ruptured and Crippled in the ser\'ice of Dr. Royal Whitman because 
of scar contractions of several of her fingers subsequent to an injury. Her 
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Fig. 2 (case 1). — Oblinuc lateral view oi dorsal region, Feb. 28, 1925, 
showing tnottliiig oi intervertebral spaces and irregularly thickened, inotheaten, 
liazy appearance of superior and inferior outlines of vertebral bodies and superior 
and inferior epiphyses, i. e., an increase in the roentgenologic pathologic condition. 
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history was irrelevant save that she had had “growing pains” in the knees and 
elbows on excessive exertion. Clinically, her back was symmetrical and her spine 
was negative in all respects. 

She was thought a fit subject for our study of normal spines, and consequently 
was roentgenographed, April 30, 1924. Much to our surprise and temporary con- 
fusion the roentgenograms showed in the anteroposterior views that beginning 



Fig. 3 (case 1). — Lateral view, Jan. 5, 1926, showing an increase in dorsal and 
lumbar curves and an increased wedging of dorsal vertebrae. 

with the fifth and down to and including the twelfth dorsal vertebrae, the superior 
and inferior borders of the vertebral bodies were not as distinct as elsewhere, and 
the intervertebral spaces were diminished, fogged and mottled. The lateral views 
showed no abnormality in the anteroposterior curves. The twelfth dorsal vertebra 
was somewhat w’edge shaped. On the superior border of the eleventh dorsal 
vertebra, there was a faint irregular linear thickening which was interrupted 
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anteriorly. The same was present on the inferior border of the tenth dorsal 
vertebra, only more distinct. In the ninth intervertebral space, the superior and 
inferior posterior thickenings were marked and they e,Ntended anteriorly as broken 
lines. The same findings were present in the eighth dorsal intervertebral space. 
In the seventh, sixth, fifth and fourth dorsal intervertebral spaces the epiphyseal 
plates were very much thickened, their outlines were indistinct, they were frag- 
mented and the interspaces were mottled and hazy. The superior and inferior 
borders of all these vertebral bodies were indistinct and irregular (fig. 1). 

Feb, 28, 1925, the patient and her mother volunteered the information that they 
had noticed a tendency to round shoulders. Clinically there was a mild degree of 
round shoulders which was not present at the first examination. There was definite 
tenderness over the sacrococcygeal junction and both iliac crests. Roentgenograms 



Fig. 4 (case 1). — Appearance of patient, Jan. 5, 1926, showing a moderate 
grade of round shoulders, which was absent when the patient came under 
observatioji. 

taken at tin's time showed an atlvance in the pathologic condition described and 
an increase in the normal dorsal curve (fig. 2). 

When seen, OctolxT 10, the i>atient had no complahtt referable to the spine. 
Clinically the back was negative save for an increase in the kyphos in the lower 
dorsal region. Roentgen-ray e.\aininatiun substantiated the increase in curvature. 
The epiphyseal pathologic condition had changed but slightly since the lost 
c.xainination. 

The patient was last seen, Jan. 5, 1926, when no further changes were noted 
(figs. 3 and 4). 

C.tSK 2. .A. D., a Imjv, aged 15 years, was admitted to the Hospital for tlie 
Ruptured and Crippled in the service of Dr. Royal Whitman for treatment for 
rigid tlatUK.t. He hatl recently arrived fn.m .Austria where he had undergone a 
great deal of .-t.irvaiion and privation. He was underweight, tall for his age and 
M.incwhat atiennc. Tlicre was no histc/ry referable to his spine and clinicallv his 
hack was negative. 
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He was roentgenographed, ^May 20, 1924, for our normal series of spines. 
The anteroposterior view showed that beginning with the seventh and down to 
the twelfth dorsal vertebra, there was a mottled haziness in the intervertebral 
spaces which were irregular in size. The upper and lower vertebral outlines were 
indistinct and appeared motheaten. In the intervertebral spaces there were definite 
darker and lighter areas very much akin to the appearance in Legg’s disease. The 



Fig. 5 (case 2). — Lateral view. May 20, 1924, showing normal dorsal and lum- 
bar curves, enlarged, frayed and irregular epiphyses in the dorsal region witl) 
mottling and haziness of the intervertebral spaces. 


lateral view showed normal anteroposterior curves. From the seventh dorsal 
down to the inferior border of the eleventh dorsal vertebra the anterior interior 
and superior, and the posterior inferior and superior epiphyseal plaques were much 
enlarged, so that there were distinct concavities just behind the anterior and just 
in front of the posterior plaques, while the intervening areas were convex. All the 
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Examination, October 10, showed a further increase in growth and a more 
marked hollow round back. Roentgenograms showed an increase in the deform- 
ity. The middorsal region showed more wedging of the bodies and some increase 
in the pathologic change shown in the roentgenogram. The upper dorsal region 
was somewhat improved (fig. 6). 



Fig. 7 (case 2). — ^Lateral view, Jan. 13, 1926, showing further increase in 
dorsal and lumbar curi-es; comparison should be made with figure 5. 


Jan. 13, 1926, the patient had no complaints. The hollow round back was 
more marked (fig. S). The roentgenograms showed an increased kyphosis with 
an increase in the wedging at the apex of the dorsal curve. The epiphyses 
could not be distinguished as such (fig. 7). 

In reviewing these two cases it is evident (1) that when first observed 
they presented negative anamneses, negative clinical appearances and a 
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definite roentgenologic pathologic condition without gross deformities of 
the spine; (2) that while under observation some clinical evidences of 
epiphyseal derangements appeared, namely, occasional pain, tenderness 
and rapid growth in the second case, and (3) that deformit}’’ finally 
developed. 

COXCLUSIOXS 

1. Vertebral epiphysitis is not found in deformities of the spine of 
known origin, such as poliomyelitis, Pott’s disease, rickets, torticollis, 
congenital deviations and inequality of the lower limbs. 

2. The' active or acute stage of vertebral epiphysitis is more com- 
monly seen in the milder deformities and less commonly in the severe 



Fig. S (case 2). — .Appearance of patient, Jan. 13, H)26, showing a marked 
hollow round back ; when the patient came under observation this condition was not 
present. 


tleformities. All that u.sually remains iti the severe deformities are 
the end-results. 

3. \ ertebral epiphysitis causes a derangement in the epijthyses which 
.starts a cycle ot events in accordance with Delpeche’s Law anti the 
pathogenesis of the resultant spinal deformities is the same as in rickets, 
poliomyelitis and Pott’s tlisease. 

•1. In the two ca.ses with negative clinical and definite njemgenulngic 
symjiioms j)reseme(l, the patients subsetiueiuly developed deformities. 

-■>. Krtnn the ftiregoir.g ohser%-ations it is my belief that vertebral 
'TM-hysitis is a ctiinj'eient cause of spinal tlcformity. 


EXPERIMENTAL ACUTE GASTRIC FISTULA 
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Division of Experimental Surgery and Pathology, the Mayo Foundation 

ROCHESTER, MINN. 

Changes that occur in the blood in experimental acute gastric fistula 
are a rise in the carbon dioxide combining power of the plasma, a 
decrease in chlorides, and an increase in urea. These changes are 
similar in some respects to those in acute duodenal fistula ^ and to those 
other observers ^ have found in high intestinal stasis. In experimental 
acute gastric fistula there is a greater increase in blood alkalinity, as 
denoted by the carbon dioxide combining power of the blood, due to 
the loss of acid from the body through the gastric fistula. The decrease 
in the chloride content of the blood is quite comparable to that in duo- 
denal fistula and in high intestinal stasis. Studies of the fistulous fluid 
revealed a loss of chlorides sufficient to account for the decreased 
chloride content of the blood. Because of the pronounced decrease in 
blood chlorides and the beneficial results obtained by the use of chloride 
in high intestinal stasis and also in duodenal fistula, we have studied the 
effect of intravenous injections of chloride solutions in comparison with 
other control solutions in gastric fistula. Of the various solutions, 
isotonic sodium chloride solution compensated best for the chemical 
changes in the blood accompanying acute gastric fistula and assisted 
most in prolonging life. The amount of nitrogen lost in the urine and 
in the fistulous fluid remained at approximately the normal level, although 
there was definite evidence of the retention of nitrogen in the blood, 

1. Walters, Waltman; Kilgore, A. M., and Bollman, J. L. : Changes in the 
Blood Resulting from Duodenal Fistula: A Clinical and Experimental Study, 
J. A. M. A. 86:186-189 (Jan. 16) 1926. 

2. Brown, G. E. : Eusterman, G. B. ; Hartman, H. R., and Rowntree, L. G. : 
Toxic Nephritis in Pyloric and Duodenal Obstruction: Renal Insufficiency Com- 
plicating Gastric Tetany, Arch. Int. Med. 32:425-455 (Sept.) 1923. Haden, R. L., 
and Orr, T. G. : Chemical Changes in the Blood of the Dog After Pyloric 
Obstruction, J. Exper. Med. 37:377-381 (iMarch) 1923; Chemical Changes in the 
Blood of the Dog After Obstruction of the Esophagus and of the Cardiac End 
of the Stomach, J. Exper. Med. 38:477-485 (Oct.) 1923. McVicar, C. S.: A 
Discussion of the Clinical and Laboratory Findings in Certain Cases of Obstruction 
in the Upper Gastro-Intestinal Tract: The Role of Blood Chemistry in Diagnosis, 
Prognosis and Treatment oi This Condition, Am. J. M. Sc. 169:224-235 (Feb.) 
1925. 
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Juk before death a decrease in the excretion of nitrogen occurred accom- 
panying anuria. 

The work of Haden and Orr ^ in experimental high intestinal obstruc- 
tion showed that the nearer the obstruction to the pylorus the greater 
the toxemia, which might be explained on the hypothesis that the loss of 
chlorides in such cases was due to their excretion into the lumen of 
the stomach and the intestine and loss from the body in that manner, 
whereas in experimental fistula the chlorides were lost from the body 
through the fistula. Again, in experimental acute gastric fistula as in 
acute duodenal fistula, a part is played by interruption in the continuity 
of the gastro-intestinal tract by the gastric fistula. Studies are now 
being carried out in an attempt to evaluate the effect of discontinuity of 
the gastro-intestinal tract. 



Chart 1.— Chemical changes in the blood in dog with gastric fistula following 
administration of water through duodenal tube: solid dot solid line, carbon dioxide; 
solid dot broken line, urea; open dot broken line, chlorides. 


METHODS 

Gastric fistulas were made on dogs under ether anesthesia, the 
stomach being isolated and divided at the pylorus. The duodenal stump 
was turned in as a blind end and the pyloric end of the stomach 
ijtcorporated in the closure of the abdominal wound, producing 
a complete gastric fistula. In certain animals, other fistulous openings 
*^^^de in the intestine by attaching the cut edge of the intestine 
to the incision. In others a T tube was introduced into the intestine 


3. H.idcn, R. L., .ind Orr, T. G.; The Effects of Sodium Chloride on the 
nicmical Changes in the Blood of the Dog After Pyloric and Intestinal Obstruc- 
uon.'J. Esper. Med. 38:55-71 (July) 1923. 
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for the administration of fluids. A portion of the gastric wall was 
incorporated in the abdominal incision of one dog, and complete and 
partial gastrectomy, respectively, were performed on dogs as control 
experiments. In other dogs the proximal end of the duodenum was 
closed after complete or partial gastrectomy had been performed. 
Specimens of blood were obtained from the jugular vein at appropriate 
intervals, and the animals were kept in metabolism cages, urine and 
fistulous fluids being collected once in about twenty-four hours. The 


Table 1. — Chemical Changes in Blood, Urine and Fistulous Fluid of Dog with 
Gastric Fistula (Water by Duodenal Tube) 








Blood 






Hours 

Carbon Dioxide, Urea Nitrogen, 

Chloride, 





Following 

per Cent by Mg. for Each 

Mg. for Each 


Date, 1923 


Operation 

Volume 

lOO Cc. 

lOOCc. 

3/3... 




0 

67.1 

9.9 

633 

3/4... 




23 

83.5 

16.6 

561 

3/4... 




31 

37.4 

20.2 

60S 





48 

85.5 

28.2 

466 

3/5... 




56 

93.5 

28.4 

425 

3/6... 




72 

108.4 

36.4 

410 

3/7... 




97 

103.3 

48.7 

330 

3/8... 




126 

94.7 

60.1 

311 

3/9... 




144 

102.3 

61.4 

220 

3/9... 




152 

103.3 

45.3 

239 

3/10.. 




168 

109.9 

30.0 

209 






Urine 








Period of Urea 

Ammonia 







Collection Nitrogen, 

Nitrogen, 

Chloride, 





Volume, 

of Sample, Mg. In Total 

Mg. In Total 

Mg. In Total 

Date, 1903 

Specimen 

Cc. 

Hours ■ Sample 

Sample 

Sample 

3/3... 



1 

40 

7.5 668.4 

10.0 

200.8 

3/4... 



2 

250 

16.5 1,670.0 

530.0 

1,478.6* 

3/5... 



3 


24.U 3,430.0 

910.0 

1,334.5* 

3/6... 



4 

260 

24.0 1,374.0 

650.0 

661.4* 

3/7... 



5 

330 

24.0 ■ 1,012.0 

2,026.0 

287.0* 

3/9... 



6 

900 

48.0 3,276.0 

3,924.0 

1,986.0* 

3/10.. 



7 

300 

24.0 1,620.0 

1,480.0 

1,670.0* 






Fistulous Fluid* 



3/3... 



1 

330 

7.5 10.5 

10.5 

651.0 

3/4... 



2 

ISO 

16.5 0.9 

9.0 

903.0 




3 

450 

24.0 24.5 

18.0 

1,352.7 

3/6... 



4 

230 

24.0 2.5 

20.0 

1,467.5 

3/7... 



5 

200 

24.0 12.0 

20.0 

902.0 


* The urine obtained by catheterization was added to that of the metabolism cage. The 
high chloride content is due to the mixture uitb the fistulous fluids. The fistulous fluid Is oniy 
that which could be obtained without urinary contamination. 


blood urea was determined by the method of Van Slyke and Cullen,^ the 
carbon dioxide combining power of the blood plasma by the Van Slyke 
method,® and the blood plasma chlorides by the method of Whitehorn. 

4. Van Slyke, D. D., and Cullen, G. E.; A Permanent Preparation of Urease, 
and Its Use in the Determination of Urea, J, Biol. Chem. 19:211-228, 1914. 

5. Van Slyke, D. D., and Cullen, G. E.: I, The Bicarbonate Concentration of 
the Blood Plasma; Its Significance and Its Determination as a Measure of Aci 
osis, J. Biol. Chem. 30:289-346 (June) 1917. 

6. Whitehorn, J. C: Simplified Method for the Determination of Chlorides 
in Blood or Plasma, J. Biol. Chem. 45:449-460, 1920. 
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The urea content of the urine and fistulous fluids was determined by the 
method of Marshall^ as modified by Van Slyke and Cullen.® The 
chlorides in the urine and fistulous fluids were determined by a slightly 
modified Volhard-Arnold method.® 

CHANGES IN THE BLOOD 

Following the production of experimental acute gastric fistula, the 
average rise of the carbon dioxide combining power of the blood plasma 
was 55 per cent by volume in animals receiving only moderate amounts 
of water by rectum and none intravenously. For example, in Dog H78S 
(chart 1, table 1), the carbon dioxide combining power of the blood 
rose within the first twenty-four hours after operation from a preopera- 



Chart 2.— Chemical changes in tlie blood in dog with gastric fistula following 
physiologic sodium chloride solution intravenously: solid dot solid line, carbon 
dioxide; solid dot broken line, urea; open dot broken line, chlorides. 


tive level of 67.1 per cent by volume to 85.5 per cent by volume. Eight 
hours later, following the administration of fairly large amounts of 
water by duodenal tube, the carbon dioxide combining power was 57.4 
per cent by volume. This rose within the next sixteen hours to 85.5 
per cent by volume, and remained at this high level or above until it 


7. ^ Marshall, E. K. : A Rapid Clinical Method for the Estimation of Urea 

in Urine, J. Biol. Chem. 14:283-290, 1913; The Determination of Urea in Urine 
J. Biol. Chem. 15:495-496, 1913; On Soy Bean Urease: The Effect of Dilution* 
.Acids, .Alkalis and Ethyl .Alcohol, J. Biol. Chem. 17:351-361. 1914. * ’ 

8. Van Slyke, D. D., and Cullen, G. E.: .A Permanent Preparation of Urease 
and Its Lse lor Rapid and .Accurate Determination of Urea. J AM A 
155S-1559 (May 16) 1914. 

9. Folm, Otto: Laboratory M.anual of Biological Gicraistrv, with Supple- 
ment, ed. J, \cw York, D. .Appleton & Co., 1922. 
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increased to the maximum of 109.9 per cent by volume on the day of 
the dog’s death. The decrease in plasma chlorides was equally striking. 
Within the first twenty-four hours after operation a decrease was 
noted, although some variations occurred within the first day or two. 
Following this period of adjustment, there was a progressive decrease 
until on the third day after the production of the fistula the chloride 
content was only two-thirds the normal amount. From this point, the 
decrease was continuously progressive so that only one-third the 
normal amount was present before the death of the animal. The changes 
in the urea nitrogen of the blood were somewhat more variable than 
those in the carbon dioxide combining power and the chloride content. 
In general, the urea content increased progressively and appeared to be 
greater when the plasma chlorides were at their lower levels. Its varia- 
tions may be well accounted for by variations in the amount of nitrogen 
excreted by the kidneys, due to conditions in the kidneys, to fluid intake, 
or to the rate of urea formation. In dogs receiving small amounts of 
fluid there seemed to be a high concentration of urea in the blood, 
whereas increases in the fluid intake resulted in a lower level, and a 
normal level of blood urea was maintained only with great difficulty. 

EFFECT OF SOLUTIONS GIVEN INTRAVENOUSLY 

The effect of intravenous injections of large amounts of physiologic 
sodium chloride solutions was noteworthy. With the injection three 
times a day of 25 cc. for each kilogram of 'body weight, the life of 
animals with acute gastric fistula could be prolonged several days (chart 
2, table 2). However, the carbon dioxide combining power of the blood 
remained at a high level. With the discontinuance of the injections, 
although a large quantity of water was supplied by mouth, characteristic 
changes in the blood recurred. Following the intravenous injections of 
comparable amounts of 5 per cent glucose solution, animals with gastric 
fistula appeared to be in slightly better condition than those receiving only 
water. There was less concentration of blood urea than in animals 
receiving water, and more concentration than in those receiving sodium 
chloride solution of similar tonicity. The decrease in the chlorides of 
the blood did not seem to be affected by the intravenous injections of 
glucose solution, as the decrease was the same as in the other animals 
except those to which chlorides were given. The increase in the carbon 
dioxide combining power of the blood was likewise not affected by the 
injection of this solution, since the rise was essentially the same in these 
animals as in the other untreated animals of the series. The life of the 
animals was maintained but little longer than that of those receiving 
water. Intravenous injections of 2 per cent sodium sulphate solution 
(25 cc. for each kilogram of body weight, three times a day) produced 
effects almost identical with those of glucose solutions of the same 
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tonicity (5 per cent). In these animals the urea of the blood continued 
to rise, the chloride content decreased, and the carbon dioxide combining 
power increased to the usual high level in animals with gastric fistula. 
The prolongation of life did not diflfer materially from that in animals 
receiving water or glucose solution intravenously. 

Table 2. — Effects of Physiologic Sodium Chloride Solution on Chemical Changes 
in Blood, Fistulous Fluid and Urine of Dog tenth Gastric Fistula 


Blood 


Date, 

1925 

lime 

r 

Carhon 
Dioxide, 
per Cent hy 
Volume 

Urea 

Xltroeen, 
Ms- lor 
Each 100 Cc, 

1/13 

9:00 a. m. 

.=55.3 

10.10 

1/13 

3:30 p. m. 

C0.3 

14.00 

1/14 

9:00 a. m. 

71.9 

14.14 

1/14 

4:00 p. m. 

T4.S 

12.83 

1/13 

2:30 p. m. 

£<5.5 

10.28 

1/10 

3:30 p. m. 

£0.3 

11.42 

1/17 

0:00 a. m. 

91.4 

14.S1 

1/lB .... 

1/19 

9:30 a. m. 

£0.3 

1S.18 

1/20 

9:00 a. m. 

£2.0 

14,70 

1/20 

1/21 

2:30 p, m. 

£3.0 

9.90 

4:15 p. m. 

84.5 

14.93 

1/23 

2:43 p. m. 

90.3 

10.80 

1/23 

2:30 p. m. 

£0.5 

2.1.13 

1/24 

10:(X) a. m. 

91.3 

21.02 

1/20 

2:C>0 p. ra. 

110.4 

43.47 

1/27 

9:45 a. ra. 

111.0 

27.10 

1,27 

3:ti0p. M. 

110.S 

33.47 


Chloride, 
ilg. lor 

Bach 100 Cc. Hemarlcs 

<538 Prcopcratlvc 

<518 Injcctwl 25 cc. 0.0 per cent sodium 
chloride for each Idlogram 
C27 Injcctcii 23 cc. 0.9 per cent sodium 
CCO chloride lor each hllosram at 9:00, 
1:30 and 4:00 

<527 0:00 and 2:30, same injection; 4:30 

Injected same amount 0.0 per cent 
sodium chloride 

013 9:00 and 3:30, injection ol 0.<5 per cent 

sodium chloride 

S03 0:CO. Injected 0.<t per cent; 3:30, in* 

Jcctctl 0.9 per cent 
... 0:30, injected 0.0 per cent 

509 0:30, 2:30 and 4:30, injected 0.9 per 

cent sodium chloride 

<533 9:00. Injected 0.9 per cent sodium 

chloride 

<538 CW cc. of \rater in rectum 

579 400 cc. ol water in rectum 

519 4(X> cc. ol water In rectum 

SCd .700 cc. ol water In rectum 

4£<5 Injected 23 cc. 0.9 per cent sodium 
chloride for each Iciloerum 
412 300 cc. ol water in rectum 

4.^ Gastro-enterostomy perfonned 

4Sd 


Bate, la*. Specimen 

I 14 1 

V\:> 2 

1/10 3 

1/11* 4 

l.;;i 5 

12 .* 0 

1 2.: 7 

l/2t S 

I.;.-: 9 


Fistulous Fluid and Urine 




Urc-a 

.\mmonla 



Period ol 

XltroBcn, 

XitrOKcn, 

Chloride, 


Collection 

iiJT. tor 

Jle. tor 

iljj. lor 

Volume, 
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The injection of a hypertonic solution of sodium cliloride (5 per 
cent) maintaincel the chloride content at normal or slightly above, an<l 
also jjrevented a great rise in the urea content of the blc/od as well as 
tile development of the typical conditions of alkalosis. Tlie life of tlie 
animal wa.s not prolonged, hut even ap}k*ared to be somewhat sliorteiicfl 
by the injection of this solution. Ihe injection of hvpertonic gltico.se 
M’ltiiion < 20 ])er cent) also failed to prokaig the life of tlie animals, and 
d:<l n.H alter tile ii^ual clieniical changes in tlie hie od. 
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EFFECTS OF TOTAL AND PARTIAL GASTRECTOMY 

Total gastrectomy was . performed on certain dogs, the esophageal 
and duodenal stumps being inverted as blind ends, and partial gastrec- 
tomy with gastrostomy on others. In the latter group practically the whole 
stomach was removed with the exception of a tube 20 cm. in length 
and 2 cm. in diameter. In the animals with total gastrectomy with 
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Chart 3. — Chemical changes in the blood in dog following total gastrectomy: 
solid dot solid line, carbon dioxide; solid dot broken line, urea; open dot broken 
line, chlorides. 

Table 3. — Chemical Changes in Blood and Urine of Dog with Total Gastrectomy 

(Water by Rectum) 
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• • 4 
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24 

2,U0 
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* Total fluids collected in metabolisn] cage. 

inverted esophageal and duodenal ends, little change in the carbon dioxide 
combining power was noted for a period of four days (chart 3, table 3), 
thus further substantiating the hypothesis that the alkalosis or increase 
in the carbon dioxide combining power of the blood results from the 
loss of unneutralized acid through the gastric fistula. Again, in Dog 
HS76 (chart 4, table 4) on whom partial gastrectomy with gastrostomy 
was performed as described and who received only water by rectum. 
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there was a rise in the carbon dioxide combining power of the blood 
plasma of only approximately 14 per cent by volume over a period of 
four days, a drop of the plasma chloride from 0.615 to 0.420, and but 
a moderate rise in the blood urea. 

It would appear that the retention of alkali by animals with acute 
gastric fistula is quite similar to the milder degree of alkalosis that 
occurs in normal animals following the ingestion of food. The forma- 
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Chart 4. — Chemical changes in the blood in dog with gastric fistula following 
partial gastrectomy: solid dot solid line, carbon dioxide; solid dot broken line, 
urea; open dot broken line, chlorides. 
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lion of acid gastric juice from neutral compounds gives rise to the 
liberation of etiual amounts of alkali which are retained in the body or 
excreted in the urine. Plowever, even the most active digestive processes 
produce only a slight alkalosis as compared to that caused by gastric 
fistula. One might assume from this that the secretion of gastrfc juice is 
increased in .animals with complete gastric fistula. Certainly there is an 
c.NCcptional alkali retention in cases of gastric fistula which may be 
m'mimly] by removal of the stcinach or by loss of al.kali from the intes- 
tine as in duodenal fistula. 
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In one experiment (chart 3, table 3) following complete gastrectomy 
with closure and inversion of the esophageal and duodenal stumps the 
concentration of the blood chlorides reached a minimal level of 297 mg. 
for each hundred cubic centimeters four days after operation, which 
would lead to the hypothesis that the reduction in blood chlorides is 
dependent on a mechanism other than the excretion by the stomach of 
the chlorine ion. It should be noted that 11.8 Gm. of chlorides were 
obtained in the fluid passed by rectum and in the urine of this animal 
during the postoperative life, evidence, we believe, that the reduction of 
blood chlorides may occur not only from the loss of secretion through 
the fistula but also as a result of their excretion into the lumen of the 
intestinal tract. 

A study of the urea nitrogen content as well as the ammonia content 
of the fluids discharged from the gastric fistula and in the urine showed 
in general that with the increase in the blood nitrogen a similar increase 
in the nitrogen excreted in the urine and the fluids from the fistula 
frequently occurred. Immediately prior to death, the nitrogen lost in 
the fistulous fluids and urine suddenly decreased to a considerable extent, 
the result, we feel, of impending anuria and may be accounted for as a 
terminal event. It seemed reasonable that the increase in nitrogen was a 
result of its increased production. The cause of this increase in the 
production of urea is by no means certain, but since the oxidation of 
protein produces an acid residue it may be that the body is employing 
this means to neutralize the increasing amount of alkali in the tissues. 
This increase in the production of urea is less marked in those animals 
with less alkalosis, as is shown by the difference in urea formation in 
animals with gastric fistula and those with duodenal fistula. However, 
it should be pointed out that this increase in urea production is not 
prevented by the administration of salts other than sodium chloride. 

In the dogs who had total gastrectomy with inverted esophageal and 
duodenal stumps (table 3) and also in the ones who had partial gastrec- 
tomy with gastrostomy (table 4), the amount of chlorides lost in the 
fluids of the fistula and urine was as much as, if not more than, that in 
the dogs who had gastric fistula with the stomach intact (table 1). This 
appears to be further evidence that the reduction in blood chlorides 
may occur not only from their loss in the gastric secretion through a 
fistula, but also as a result of their excretion into the lumen of the 
intestinal tract. The hypothesis of Haden and Orr is that the loss of 
blood chlorides is due to their being given up to counteract the effects 
of toxemia resulting from interference in the motility of the gastro- 
intestinal tract (chart S). 

10. Haden, R. L., and Orr, T. G.: Chemical Changes in the Blood of Man 
After Acute Intestinal Obstruction, Surg. Gynec. & Obst. 37:*165-468 (Oct.) 1923. 
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SUMMAKY 

Stmiics o{ couijjkte .iculc ^a^iric fistula in dogs have thrown light 
on several points, ’rhe ciictnical changes in the blood that occur arc 
«}uilc .similar to th<t.sc occurritig in acute duodenal fistula and in high 
intc.stijjal .sia.si.s. 'rhcrc i.s a marked incrca.se in the carbotj dioxide com- 
bining power oi the blood pla'>tna, an incrc.ase in the urea content oi the 
blood, atid a dccrc.ise in the chloride cotitenf. 'I'hi.s ittcrcasc in the 
carbon dioxide combining power of the blood plasma i.s much greater 
than that which occurs in the other condiiion.s mettiioncd. Similar con- 
(iition.s, in the absence ot the stomach or oi the gre.atvr jvortion oi the 
stontach, are attended by .similar changes, with the exccj)tion tiiat the 
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INTRODUCTION 

Gaseous distention of the intestine is one of the most frequent 
complications following the trauma of abdominal operations, peritonitis 
or other type of injury to the abdominal viscera. It always entails 
discomfort to the patient and is sometimes a grave danger. The methods 
advocated in different clinics for its prevention and treatment are 
so varied in character and often in such striking contradiction to each 
other that one is forced to the conclusion that there is no general 
agreement as to the underlying physiologic processes. These processes 
are complex, and the amount of experimental work bearing directly 
on them is small. Some of the more fundamental features of the 
problem are undoubtedly concerned with the disturbances of motor 
activity of the gastro-intestinal tract, following injury. A clinical 
classification and discussion of the different types of injury will be 
found in articles by Murphy,^ Rost ^ and others. The studies of Cannon 
and Murphy ® should also be consulted : their experimental work deals 
with retarded intestinal mobility following various forms of injury, and 
they distinguish between direct injury to the local mechanisms in the 
wall of the intestine and other injuries that cause a reflex disturbance 
through the splanchnic nerves. 

Although much has been written in regard to the motor effects of 
injury to the gastro-intestinal tract, many points remain obscure, and 
clinical articles on the subject of gaseous distention have often failed 
to make clear the fact that paralysis of the intestine does not per se 

* From the surgical services, Massachusetts General Hospital, and the Labora- 
tories of Physiolog>’, Harvard Medical School. 

* A preliminary note of this work appeared in the Boston AI. & S. J. 192:217 
(Jan. 29) 1925. 

1. Alurphy, J. B. : J. A. AI. A. 26:15 (Jan. 4) 1896. 

2. Rost, F. : The Pathological Physiologj* of Surgical Diseases, English 
Translation, Philadelphia, P. Blakiston’s Son & Co., 1923, p. 212. 

3. Cannon, W. B., and Alurphy, F. T.: Ann. Surg. 43:512, 1906; J. A. AI. A. 
49:840 (Sept. 7) 1907. 
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In general, however, it has not received much attention in the literature, 
and little or no direct evidence has existed on wloich to judge its impor- 
tance in the distention encountered in surgical practice. 

The Body*s Method of Elimmating Intestinal Gases . — ^The expul- 
sion of gas by motor activity of the intestine is an important 
method of eliminating abnormal accumulations, and as stated 
above the interference with this mechanism which sometimes follows 
injury is a cardinal factor in distention. It is not, however, the sole 
method of eliminating gas. The diffusion of blood gases into the 
intestinal lumen was mentioned in a preceding paragraph ; equally active 
is the reverse process, namely, the absorption of intestinal gases into the 
blood stream. Studies were recently carried out on this point by inject- 



Relative rates of absorption, expressed in cubic centimeters, of carbon dioxide, 
hydrogen sulphide, oxygen, hydrogen, methane and nitrogen from a 25 cm. loop 
of the small intestine of the cat. The height of the columns represents the number 
of cubic centimeters of the gas absorbed over a period of one hour. In the case of 
carbon dioxide, because of the rapidity of its disappearance, and of hydrogen 
sulphide, because of its toxicity, the gas was withdrawn after the lapse of a few 
minutes, and the rate of absorption for one hour was calculated. 

ing known quantities of the several gases into an isolated loop of 
intestine, leaving the gas for definite periods of time, withdrawing it, 
and determining the amount of absorption that had taken place. These 
experiments showed that while the rates of absorption vary greatly for 
the different gases, the amounts that can be eliminated by this mechanism 
are considerable. Figure 1, taken from a report of this work, gives 
the relative rates of absorption of the gases commonly encountered in 
the intestinal tract. The height of the first column represents the 
amount of carbon dioxide, a gas liberated in great quantities when 
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ferniientation is active, which can be eliminated in one hour from an 
isolated intestinal loop 25 cm. long. It is evident that the amount of this 
gas which could be absorbed in twenty-four hours from the intestine as a 
whole would be large. The next column represents hydrogen sulphide, 
a gas that is toxic to the organism, and this also is eliminated rapidly. 
The other gases represented show a slower rate of absorption ; but it is 
obvious that any of them, with the exception of nitrogen,^® could be 
eliminated in considerable quantities by this mechanism. 

The rate of absorption of atmospheric air also was tested in these 
experiments, although the results are not shown in figure 1, and was 
found to be low, only 4 cc. being absorbed from a 45 cm. loop in five 
hours. This is to be expected, because of the close similarity between 
the composition of atmospheric air and that of the blood gases, and is 
of importance in connection with the view that air is a source of gas 
in distention. 

Effect of Interference with the Circulation on Elimination of Intes- 
tinal Gases. — Since the absorption of intestinal gases by the blood stream 
is such an important method of elimination, it appears obvious that inter- 
ference with the splanchnic circulation would upset this process and have 
serious consequences. It must be remembered, however, that there is 
little direct evidence where minor degrees of circulatory disturbance 
exist, and in the literature too much stress has been placed on this 
explanation for meteorism of obscure origin. The . experiments of 
Kato,^* who reported a slow absorption of carbon dioxide after ligation 
of the portal vein, and our own experiments on partial obstruction of 
this vein, represent too extreme a disturbance of the circulation to afford 
a useful comparison with clinical conditions, except in types of intestinal 
obstruction involving gross interference with the blood supply or in 
cases of thrombosis of the mesenteric veins. 

Our experiments showed that if the veins to an empty intestinal 
loop are ligated, distention of the intestine by a bloody, fluid exudate 
will follow within a few hours,^® owing to an increase in capillary 

13. When 20 cc. of nitrogen are Introduced into an empty intestinal loop, the 
absorption at the end of six hours is about 7 cc. If the same amount of nitrogen 
is introduced into an isolated loop in which digestion is in progress, at the end of 
the six hours the loop will be found greatly distended with gas. This is probably 
due to the fact that the abnormal presence of gas interferes with digestion and 
absorption and contributes to an active fermentation. This suggests that a vicious 
circle may be an important factor in marked degrees of distention, i. e., the 
presence of gas in an intestine in which digestion is in progress may result in 
increased fermentation and decreased absorption. 

Kato, K.: Internat. Beitr. z. Path. u. Therap. d. Ehrnahrungstor. 1:315, 

IS. Murphy, F. T., and Vincent, B.: Boston M. & S. J. 165 : 684 , 1911. 
Murphy, F. T., and Brooks, Barney: Intestinal Obstruction, Arch. Int. Med 15 : 
392 (March) 1915. 
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pressure and damage caused by a poor supply of oxygen. If the intes- 
tinal loop is distended with air before the veins are obstructed, in 
addition to the fluid exudate, the volume of gas will increase, owing to 
a diffusion into the lumen of carbon dioxide from the blood. 

PRESENT STUDIES 

In a preceding paragraph, atmospheric air has been mentioned as a 
source of gas in intestinal distention. In the present studies an attempt 
has been made to estimate its importance in the distention following 
injury to the abdominal viscera. The work has consisted of animal 
experiments, supplemented by certain clinical studies. 

Animal Experiments . — In order to determine some of the factors 
that govern the passage of air from the stomach into the intestine, certain 
animal experiments were carried out. These consisted of direct observa- 
tions on the behavior of the stomach inflated with air. Additional experi- 
ments were carried out on the role of atmospheric air in the distention 
that accompanies general peritonitis. Abbreviated protocols illustrating 
salient features are appended. 

METHOD 

Cats, under chloralose anesthesia, were used in all these experiments. 
The observations were carried out in a moist chamber devised and 
described by Veach.^® This piece of apparatus consists of a copper 
box large enough to receive a cat extended on an animal board; the 
bottom of the box contains water, warmed by an electric heating coil ; 
the lid is supplied with glass windows for the purpose of observation, 
and small apertures permit the insertion of thermometer, tube from the 
tracheal cannula, etc. 

After anesthetization, the animal was placed in the moist chamber, 
and the abdomen opened, the abdominal walls being held apart by 
ligatures attached to the sides of the box. From 60 to 90 cc. of air 
was introduced into the stomach, causing a moderate degree of disten- 
tion; considerably more than this amount of gas is often encountered 
in the normal fasting stomach of the cat. In addition to observations 
on the course of events following this simple inflation of the stomach, 
the effects on the dilated stomach of stimulation or section of the 
splanchnic and vagus nerves were noted. 

RESULTS 

Effects of Simple Distention of the Stomach . — ^Vigorous peristaltic 
waves were usually set up following moderate inflation of the stomach. 
In certain experiments these continued for several hours without the 


16. Veach, H. O.: Am. J. Physiol. 71:229 (Jan.) 1925. 
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passage of gas from the stomach into the intestine; from time to time 
rhythmic activity of the small intestine and colon was observed. In 
other experiments, after a short period of gastric activity the small 
intestine and colon became distended, the stomach decreasing m size 
as the gas was passed into the lower intestinal tract (experiment 1). 
If the intestine is obstructed, gas will be passed down from the stomach 
and accumulate above the point of obstruction, and may there be drawn 
off (experiment 1). It is thus evident that during moderate distention 
the stomach is capable of passing gas into the lower intestinal tract. 

Effects of Vagus and Sphnchnic Scclton. -—The splanchnic nerves 
were sectioned on the posterior abdominal wall shortly beyond their 
entrance into the abdominal cavity; the vagi were cut just below their 
entrance into the abdominal cavity, the dissection being carried around 
the esophagus down to the muscularis. 

Following section of both splanchnic and vagus nerves, the motor 
activity of the stomach and intestinal tract was increased. Under this 
condition the gas was invariably passed from the stomach into the 
intestine. Experiment 2 is typical. 

Effects of Vagus Simulation. — Stimulation of both right and left 
vagi in the neck was carried out with the stomach distended by gas and 
resulted in great motor activity of the stomach and small intestine ; but 
in no case was any gas observed to pass from the stomach to the intes- 
tine. This result was expected, since the increased tone and the 
contractions of the pylorus and duodenum would act as barriers to the 
passage of gas downward. 

Effects of Splanchnic Stimulation. — ^When strong stimulation was 
applied to the splanchnics, major and minor, of the left side, just beyond 
their entrance into the abdominal cavity, increased tone in the stomach 
and an increase in peristaltic waves were noted in a number of cases. 
Under these conditions gas was passed down into the duodenum 
(experiment 3). Since this result was not abolished by cutting the 
splanchnic on the opposite side, and since the same result was obtained 
when stimulation was applied to the proximal, i. e., the spinal, end of 
the cut splanchnic, it would appear to be a reflex phenomenon trans- 
mitted through the vagi. When stimulation was applied to the distal 
end of the cut splanchnic (experiment 3), the typical inhibition of the 
movements of the stomach and intestine and the blanching due to 
constriction of the blood vessels, which were described by early observers, 
were noted. In certain cases during the increased activity following the 
period of inhibition gas was passed down. It is interesting that afferent 
impulses passing by way of the splanchnics are effective in causing a 
passage of gas from the stomach into the lower intestinal tract 
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Effects of Peritonitis . — In addition to the experiments described 
above, certain others were carried out in order to determine whether by 
preventing the entrance of air from the stomach the occurrence of 
intestinal distention in general peritonitis might be prevented. The 
abdomen of the cat was opened, under ether anesthesia, and. a massive 
peritoneal infection produced by the injection of a few cubic centimeters 
of colonic contents into the peritoneal cavity. In three of the six 
experiments at the time of this injection the pylorus was ligated. The 
abdomen was then closed. The animals quickly recovered from the 
immediate effects of the operation, but at the end of twenty-four hours 
showed, systemic effects of the peritoneal infection. After twenty-eight 
hours, a lethal quantity of a barbituric acid derivative was administered 
and a necropsy performed. 

The results were as follows: All the cats showed evidence of 
general peritonitis. The stomachs of all were dilated with gas. In the 
animals with pyloric obstruction, there was no distention of the small 
or the large intestine. In the animals in which no such obstruction had 
been produced, the findings were : One showed the stomach and upper 
3 feet of small intestine distended; another, the stomach and upper 
three-quarters of small intestine distended; the third, the stomach and 
whole length of small intestine dilated. The colon was not dilated in 
any instance. Experiments 4 and 5 are typical. 

These experiments suggest that atmospheric air is an important factor 
in the distention that accompanies general peritonitis; but they should 
not, of course, be construed as meaning that air is the sole source of 
gas. Fermentation of stagnating intestinal contents undoubtedly plays 
a role in most cases, and may at times be the most important source of 
gas. 

CLINICAL STtroiES 

The experiments described in the foregoing show that under certain 
conditions gas is passed down from the stomach to the intestine, and 
suggest that this may be one mechanism of intestinal distention. In 
order to see if any clinical confirmation of this view could be obtained, 
the following studies were carried out. 

Gas Analyses from Postoperative Cases . — ^The first aspect taken up 
was the composition of the gases responsible for the distention encount- 
ered after operation. In table 1, analyses of gases from the patients 
in the surgical wards showing postoperative distention are presented, 
with additional analyses from distended cases in the medical wards for 
comparison. The data are not sufficiently complete to warrant detailed 
discussion ; but attention is drawn to several points. 

The gases found are the same as those identified by previous workers. 
In one instance only was hydrogen sulphide found to be present; it is 
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probably rarely formed in large quantities and its absorption is rapid, 
as may be seen in the accompanying chart. The percentages of carbon 
dioxide, with a few exceptions, are close to those in venous blood, which 
is not surprising since this gas has a rapid rate of diffusion and is readily 
soluble in blood. The percentages of nitrogen are uniformly high, and 
since free nitrogen is liberated in the intestine only in small quantities if 
at all,^^ it must be derived from air: either directly, from swallowed air, 
or indirectly, by diffusion from the blood stream, which is saturated with 
nitrogen at four-fifths of an atmosphere of pressure. The oxygen figures 
are uniformly low. This probably means that the tension of. this gas is 
low in the capillaries of the colon during distention, although a certain 
amount is used up in the process of fermentation. The percentages of 
hydrogen and methane are lower in the patients showing postoperative 
distention than in the medical cases, which suggests that fermentation 
was less active in the former; and since the composition (except for 
the small amounts of hydrogen and methane) is that of air modified 
by interchange with the blood gases, the findings are not inconsistent 
with the view that swallowed air plays a role in the production of 
postoperative distention. 

Incidence of Gaseous Distention . — In order to form a basis for 
studies on the importance of atmospheric air in postoperative distention, 
an attempt was made to estimate the frequency with which this complica- 
tion is encountered following abdominal operations. Very little 
information was found in the literature on this point (except in the 
work of Martzloff,^® who discusses distention in relation to certain 
preoperative medication and will be referred to later) or as to the rela- 
tive frequency following diiferent types of surgical procedure. A study 
was therefore made of 107 cases in which a laparotomy had been 
performed. The classification of these cases, shown in table 2, is based 
on the anatomic site of the operation. Perhaps a more logical grouping 
would take into account the amount of trauma occasioned by the differ- 
ent operations and the degree of peritonitis present; but these points 
are so difficult to evaluate that it seemed safer to discuss the cases on a 
regional basis. 

To determine the presence or absence of moderate degrees of disten- 
tion is not an easy matter. The method used in making the present 
study was as follows : Immediately after operation, the appearance of 
the abdomen was noted and the circumference measured with a tape. 
For three or four days following the operation, longer if distention per- 
sisted, the patient was visited daily. It was found impossible to place 
great reliance on the measurements alone, especially when the changes 


17. Krogh, A.: Skandin. Arch. f. Physiol. 18:364, 1906. 

IS. Martzloft, K. H.: Bull. Johns Hopkins Hosp. 35:370 (Nov.) 1924. 
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were slight; at the daily visits, therefore, in addition to the measure- 
ments the whole picture was taken into consideration : the appearance or 
the abdomen, the amount of tympany, etc. The results arc given in 

table 2. . , , « 

Of the 107 patients followed, thirty-six were considered to sutler 

from distention, although inevitably in a number of instances there 
might have been a difference of opinion by other observers, since in 
only a few cases was the distention severe. As will be noted, the 
patients who had undergone operations on the biliary tract showed the 
highest incidence of distention. The next highest incidence was found 
in the “pelvic cases," a group representing operations on the uterus 
and adnexa. The gastro-intestinal cases come next: a varied group 
involving operations on the stomach and duodenum, removal of the 
appendix, and so forth. The fourth or “miscellaneous” group consists 
chiefly of exploratory operations and operations on the kidney. Since 
hernia operations involve localized trauma to the peritoneum, twenty- 
nine patients were followed after operation ; only one was distended. 

Table 2.— Classification in One Hundred and Seven Laparotomy Cases 


Biliary Pelvic Oastro-Iolcstloai Miscellaneous 

Total 25 Total W Total M Total 1* 

Distended 12 Distended 13 Distended S Distended 3 

Total lOT 

Distended 30 


Additional Observations . — ^In addition to making the observations 
described above concerning distention, certain other points were noted, 
which for the sake of clearness were not included in table 2 but will now 
be briefly commented on. 


The anesthetic employed, except in a few cases, was ether, preceded 
as a rule by nitrous oxide. The length of operation did not apparently 
influence the incidence of distention. In the majority of the cases the 
distention was apparent at the end of twenty-four hours. This agrees 
in general with the findings of Martzloff."® The usual duration was 
from forty-eight to seventy-two hours. 

The subjective sensations of the patients also were recorded. The 
most important of these consisted of intermittent, shifting, cramplike 
pains which are usually referred to as “gas pains" but which do not 
necessarily imply any appreciable degree of gaseous distention. While 
most of our patients complaining of these pains did have a measurable 
detention of the abdomen, a number showed no visible evidence. About 

In sronp shown in 

table 2 complained of gas pains," and about the same percenta<^e of the 

second group in table 3, although the incidence of distention was much 
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lower in the latter group. It is well known, also, that in the graver 
forms of distention, such as often accompany general peritonitis, while 
the patients may feel discomfort from distention, they do not suffer from 
“gas pains.” It seems reasonable to suppose that this type of discom- 
fort represents abnormal peristaltic activity of the intestinal tract, 
which, although usually associated with gas, may take place indepen- 
dently of any distention of the intestinal lumen. 

Dilatation of the Stomach Following Operations. — Postoperative 
dilatation of the stomach is not uncommon. Leaving out of considera- 
tion the etiology of the most extreme form of this condition, known as 
acute dilatation, we find a number of causes for the presence of an 
unusual amount of air in the stomach after operation. It is, for 
example, well known that a great deal of air may be swallowed during 
the early stages of anesthetization: in three of the cases observed, 115, 
sixty-seven and fifty-four swallowing movements, respectively, were 
noted while the patients were being etherized. Again, it is a matter of 
common observation that great dryness of the mucous membrane of the 
mouth and pharynx is one of the after-effects of ether, and that many 
patients make an effort to relieve this by swallowing motions which 
carry air into the stomach. It was also observed that many of our 
patients following operation complained of gas in the stomach, which 
they often attempted to relieve by belching, and undoubtedly more air was 
swallowed in an attempt to relieve the gastric distress. A certain 
amount of air, also, is carried into the stomach at each swallowing 
motion when liquids are taken, and the exclusively liquid diet given 
after operation must be responsible for a considerable intake of air. It is 
also possible that during the retching which accompanies nausea and 
vomiting air may be gulped down. 

Experiments with the Stomach Tube. — It has already been suggested 
that the air which is present in the stomach in unusual quantities after 
operation may be passed into the intestine and play an important part 
in intestinal distention. If this were true, it would seem possible that 
the incidence of this condition might be lessened by preventing the 
accumulation of air in the stomach. This supposition was tested in the 
following manner: While the patient was still under ether, a small 
stomach tube of the type advocated by Levin was passed into the 
stomach through the nares. The gaseous contents of the stomach were 
then drawn off by means of a syringe ; the tube was left in position for 
from twenty-four to forty-eight hours, and the gastric contents aspirated 
twice daily. The average amount of gas drawn off at the first aspira- 
tion was 145 cc. ; the largest amount, 600 cc. In certain cases, in addi- 


19. Levin, A. L.: . J. A. M. A. 76:1007 (April 9) 1921. 
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tion to the gas present there was an accumulation of fluid, the largest 
amount found being 480 cc., the usual amount much less. 

In the group of cases in which this procedure was carried out, the 
incidence of distention was considerably reduced, as will be noted in 
table 3 in contrast to the group of cases shown in table 2 in which the 
procedure was not followed. 

While the group thus tested was small, the more serious types of 
cases only were included, and the fact that the incidence of distention 
is low offers suggestive evidence that the passage of air from the stom- 
ach to the intestines does play an important part in the production of 
postoperative distention. Several clinical observations might be con- 
sidered as in accordance with this idea. Was this mechanism, for 
example, in part responsible for the failure in preventing distention of 
the old preoperative regimen which included dietary restrictions and a 
free use of strong cathartics ? Interesting, also, in this connection is the 

Table 3. — Cases in Which Stomach Tube Was Used 


BUiai; 

Total n 

nisteaded 2 


Pdvlc 


Total a 

Olitendcd 0 

Total 25 

Distended 3 


Gastro.lntcitlnal 

Total C 

Distended 1 


effect of morphine after abdominal operations, for if fermentation due 
to inhibited motor activity of the intestine were the only source of gas, 
it might appear illogical to give a drug that would further inhibit peri- 
stalsis, and yet morphine is used liberally after abdominal operations 
and in the treatment of peritonitis, and the claim is made in many 
clinics that it has a tendency to prevent distention. (A census of clinics 
with reference to the use of morphine after operation has recently been 
made by Slocum ■®.) Its beneficial effect may be explained in various 
ways, some of which will be touched on later; but among others it is 
suggested that by relieving gastric distress and diminishing refle.v actions 
in general, morphine lessens the tendency to take air into the stomach, 
and by quieting gastric peristalsis it decreases the passage of air from the 
stomach into the intestine. It is also possible that the absorption of gas 
proceeds most rapidly from a quiet intestine. 


TREATMENT 


Certain points concerning treatment, some of them suggested by the 
foregoing studies, will be briefly discussed. 

As re^rds the preoperative management of a case, the guiding 
pnnaple should be to avoid as far as possible procedures that interfere 


20. Slocum, M. A.: J. A. M. A. 84:1264 (April 25) 1925. 
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with the normal functions of the intestine, and it should be remembered 
that this applies not only to the motor function but also to the absorbing 
function. It is obviously an advantage to have the stomach and small 
intestine empty and at rest at the time of operation ; but a long starvation 
period is not necessary, since according to Alvarez it requires only 
from seven to nine hours under normal conditions for the stomach and 
small intestine to become empty after a meal. In order that fermenta- 
tion in the large intestine may be reduced to a minimum, it would seem 
logical to give a low residue diet during the day preceding operation. 
With the idea of further reducing fermentation in the colon, an enema 
on the morning of operation is frequently prescribed. Unless there is 
some special indication for this procedure, however, its wisdom may be 
open to question, for an important function of the colon is the dehydra- 
tion of the contents received from the small intestine, and an enema 
often leaves a great deal of liquid feces which may result in more 
fermentation than if the normal condition had not been disturbed. The 
use of violent cathartics has been so- universally abandoned that it does 
not seem necessary to touch further on this point ; articles by Peet and 
Alvarez and Taylor cover the subject from both clinical and experi- 
mental points of view. 

In the treatment after operation, one must of course be governed by 
the exigencies of the case ; but it should be emphasized at this point that 
since rest is a fundamental principle in the treatment of injury, mor- 
phine, by quieting intestinal movements and preventing the spread of 
infection, provides the conditions most favorable for the recovery of 
the gastro-intestinal tract from the trauma of operation or other type 
of injury; and the relief from pain which it furnishes must be benefi- 
cial to the organism as a whole. Other modes of action by which 
morphine may prevent or relieve distention have already been suggested. 

■ Consistent with the use of morphine to quiet intestinal movement is 
the policy at this clinic to avoid drugs such as pituitary extract and 
physostigmine, which are capable of setting up violent types of peristal- 
sis. There may be occasional circumstances in which they are of use, 
and the arguments in their favor will be found in articles by Craig®* 
and Martin and Weiss,®® and also by Cross,®® who has advocated a 
combination of the two. It is, however, interesting to note in this con- 

21. Alvarez, W. C: Surg. Gynec. Obst. 26:651 (June) 1918. 

22. Peet, M. M.: J. A. M. A. 71:175 (July 20) 1918. 

23. Alvarez, W. C, and Taylor, F. B. : J. Pharmacol. & Exper. Therap. 10 
365 (Nov.) 1917. 

24. Craig, D. H.: New York M. J. 81:527, 1905. 

25. ilartin, H. E., and Weiss, S.: Use of Physostigmine in Abdominal Disten- 
tion, J. A. M. A. 84:1407 (May 9) 1925. 

26. Cross, D. G. T. K.: Brit. M. J. 1:9 (Jan, 5) 1924. 
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nection that according to Martzloff,*® in cases in which physostigmine 
(eserine) and strychnine were given before operation there was a higher 
incidence of distention than in those cases in which this treatment was 
not administered. 

In the presence of distention of the colon, enemas often give relief. 
It is questionable whether their use should be pushed if they do not 
seem to produce this result. Hot applications to the abdomen, such as 
turpentine stupes or flaxseed poultices, especially when combined with 
the rectal tube, are unquestionably an important method of treating dis- 
tention; it is probable, although there is no experimental evidence to 
support this view, that they stimulate a gentle, effective peristaltic action 
without setting up areas of localized contractions; and they may, per- 
haps, relax such contracted areas when these exist. It is also possible 
that they favor the absorption of gases from the intestine. 

When we consider the influence of the postoperative diet, certain 
points might be mentioned. It is a generally accepted custom to use a 
liquid diet for a few days following abdominal operations. A theoretical 
objection might be raised to the use of milk during the period when 
distention is likely to occur, since it has been shown by the work of 
Ruge® that in the fermentation of milk a high percentage of hydrogen, 
a gas that is absorbed slowly, is liberated. As soon as circumstances 
permit, an ordinary diet should be resumed, since the intestine probably 
functions to best advantage under those conditions. 

Our series of experiments showed that the small type of stomach 
tube, left in place for from twenty-four to forty-eight hours after opera- 
tion, was of definite benefit in preventing distention. In the majority of 
instances the tube caused little or no discomfort to the patient and did 
not interfere in any way with the taking of nourishment. Since it is 
occasionally a source of annoyance to the patient, its use indiscriminately 
is not advocated ; but in certain cases in which distention is feared as a 
grave complication it should be employed, 

SUMMARY 

1. The origin of the gases found in intestinal meteorism is threefold ; 
the decomposition of intestinal contents ; the diffusion of blood gases into 
the intestinal lumen through the mucosa, and the passage of atmospheric 
air from the stomach into the intestine. Absorption into the blood 
stream is an important method of eliminating intestinal gases. The 
rate at which absorption proceeds varies greatly for the different 
pses (discussed in text). The absorption of atmospheric air is slow 
because of its similarity in composition to the blood gases, a point of 
importance m relation to air as a source of gas in distention. 
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2. Animal experiments showed that gas may be forced from the 
stomach into the lower intestinal tract by peristalsis or by increased 
gastric tone, thereby causing distention of the small intestine and colon. 
The increased motor activity from moderate distention of the stomach is 
at times sufficient to bring this about. Section of the extrinsic nerves 
(vagus and splanchnic) invariably resulted in increased activity and the 
passage of air downward. Afferent impulses by way of the splanchnics 
are also capable of producing this result. 

The experiments on the distention accompanying general peritonitis 
suggest that atmospheric air is an important source of gas in these cases. 

3. The validity of the supposition that air might be passed down 
from the stomach to the intestine, causing postoperative distention, was 
tested by preventing accumulations of air in the stomach through the 
use of the stomach tube. By this means the incidence of distention 
was considerably reduced, as shown in tables 2 and 3, suggesting that 
air may be an important source of gas in postoperative intestinal disten- 
tion. Gas analyses from cases showing postoperative distention were 
consistent with this view. 

4. Since rest is a fundamental principle in the treatment of injury, 
the quieting effect of morphine is beneficial and drugs such as physo- 
stigmine or pituitary extract which are capable of setting up violent 
types of peristalisis should usually be avoided. In cases in which serious 
distention is feared, the continuous use of a small stomach tube during 
the critical period should be considered. 

PROTOCOLS 

Experiment 1. — November 20; male cat; weight, 2 Kg. A small amount of 
milk was given the preceding night. 

11:00: animal etherized; 9.5 cc. of chloralose given intravenously. 

1:15: am'mal placed in moist chamber; abdomen opened. The stomach con- 
tained a small amount of gas; the small intestine and colon appeared flat. Peri- 
staltic waves were noted over the stomach and coils of the small intestine. 

1:30: 60 cc. of air introduced into stomach by syringe and needle. 

2:10: dilatation of upper coils of small intestine noted ; stomach appeared 
somewhat smaller. 

2 : 25 : stomach markedly decreased in size. 

2:30: colon, which had been almost invisible, became dilated. Needle intro- 
duced and 30 cc. of gas drawn off from stomach, completely emptying it. 

2:40: the gas was milked out of upper part of small intestine, and a needle 
with rubber tube attached was inserted about 30 cm. from pylorus and held in 
place by a silk ligature around the intestine. The rubber tube, previously filled 
with water, was carried under a test tube filled with water and immersed m a 
beaker of water. Ninety cubic centimeters of air was introduced into stomach; 
complete inhibition of all movements of stomach and intestine followed. 

4:27: peristaltic waves again noted passing over pyloric portion of stomach. 
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4:55: peristalsis very active over stomach and upper part of small intestine. 
Small intestine appeared gas-containing, gas being pushed by peristalsis almost to 
the point of obstruction. 

5; 10; gas bubbled through needle and rubber tubing and was collected m the 
test tube under water. 

Experiment 2. — November 22; female cat; weight, 2,2 Kg. No food for 


twenty-four hours,, 

9:50: light ether; 12 cc. of chloralose injected intravenously, 

11:30: animal placed in moist chamber; abdomen opened. Stomach small in 
size; small intestine and colon collapsed. Vigorous peristalsis over stomach and in 
certain coils of small intestine. 

11:35: 60 cc. of air introduced into stomach. 

12:05: deep waves passing over stomacli, but no gas has entered duodenum. 

12:15-12:24; right and left splanchnics, major and minor, divided. Vigorous 
peristalsis noted over small intestine and stomach. Moderately deep waves over 
cardiac portion, but this did not e.xtend down over the antrum pylorus. While tone 
over stomach appeared marked, peristaltic waves were disordered and passed over 
stomach in disorderly fashion, making it appear as though the gas were being 
churned up and down. No gas was discharged into small intestine. 

12:50: right and left vagi cut, just above cardia. 

1 : 00 : deep peristaltic waves passing over entire stomach at rate of 8 per 


minute. 

1:10: duodenum dilated. 

2:30: duodenum and upper coils of small intestine distended with gas. 

Experiment 3.— January 12; female cat; weight, 2 Kg. No food for twenty- 
four hours. 

10:20: ether started ; 8 cc, of chloralose given intravenously. 

11:00: light ether, while trachea! cannula was inserted. 

12 : 00 : animal light ; additional 2 cc. of chloralose given. 

12 : 45 : animal placed in moist chamber. Abdomen opened. 

1:00: left splanchnics, major and minor, isolated, and guarded electrode, con- 
nected with an inductorium, applied to the nerves. 

1:15: moderately strong stimulation applied for one and one-half minutes. 
Great blanching of blood vessels of stomach and intestine noted. Tonus rings 
appeared over pyloric portion of stomach, but no air descended. 

1:20: irregular peristaltic waves observed over cardiac portion of stomach. 

1:25: splanchnic stimulated for one and one-half minutes. Great increase in 
stomach tone, with deep peristaltic waves. Air forced into duodenum during and 
following this stimulation. 


2 : 45 : left splanchnic divided, between ligatures. . 

3:00: stimulation of distal end of cut splanchnic for one minute. Blanching 
of blood vessels and inhibition of stomach activity noted. Return of gastric activ- 
ity a few minutes after stimulation stopped. During this time a small amount of 
air entered duodenum. 

3:23: electrodes applied to proximal end of cut splanchnic. 

3 : 27 ; stimulation for one minute. 

3 : 30 : right splanchnic cut. 


3:45: stimulation of proximal (spinal) end of left splanchnic. Increase in 
gastric tone and deep tonus waves noted. Duodenum distended by gas which was 
observed entering from the stomach. 


Experiment 4.— June 16; weight, 3.5 Kg, 
food for twenty-four hours. 


Had access to water, but no 
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Abdomen opened under ether anesthesia; stomach contained usual amount of 
air (estimated 50 cc.) ; small intestine and colon flat. 

Portion of omentum resected. A needle introduced into the colon and about 
1 cc. of semifluid material drawn into S 3 rringe. Diluted with water to 5 cc. and 
injected into peritoneal cavity. 

June 17 : cat listless, not inclined to move about. 

June 18 : cat looked sick and listless, and had vomited several times. A lethal 
dose of a barbituric acid derivative was administered. 

Necropsy : abdomen opened ; purulent peritonitis present. Stomach dilated with 
gas ; upper three-fourths of small intestine distended with gas ; colon flat. 

Experiment S. — ^June 16 ; ' weight, 2.3 Kg. Had access to water but no 
food for twenty-four hours. 

Abdomen opened under ether anesthesia; stomach and intestine empty. A por- 
tion of omentum resected and peritoneal cavity infected as. in preceding experiment. 

Pylorus ligated. 

June 17: general appearance indicated severe infection; had vomited once. 

June 18: general condition appeared worse; very drowsy and listless. A lethal 
dose of a barbituric acid derivative was administered. 

Necropsy showed purulent peritonitis. Stomach greatly dilated with gas. 
Small intestine empty except for a small amount of bile stamed fluid. Colon empty. 
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PERIPHERAL NERVE SURGERY 

Nerve Anastomosis. — Ballance, Colledge and Bailey have made an 
experimental study of various methods of nerve anastomosis. They 
conclude that with sutures of absorbable material it is unimportant 
whether the suture passes through the neurolemma alone or whether it 
penetrates the nerve substance. Varnishes were tried as a substitute 
for sutures, but the only one that was at all successful was that made 
by cutting a piece of living muscle into fine bits and pounding this up 
with a few drops of salt solution in a mortar so that sarcous material 
was set free. Anastomosis by the method of double lateral implantation 
was successful if the ends were placed not too far apart. When a 
median incision is made in the receiving nerve the tendency is for the 
two ends to become connected. Exact end-to-end suture of the nerve 
fibers is not possible in any case. 

Traumatic Neuritis of the Ulnar Nerve. — Platt®® has made a 
thorough study of the pathogenesis and treatment of traumatic neuritis 
of the ulnar nerve in the postcondylar groove of the hiunerus. He points 
out that normally the nerve is mobile in this situation and may even 
be hypermobile. The condition is discussed under three headings; 
first, fracture of the lower end of the humerus with early involvement ; 
second, late involvement; third, recurring dislocation of the nerve from 
its bed. Of 329 cases of fracture of the region of the elbow treated by 
Platt, involvement of the ulnar nerve was encountered in only nine 
rases. All of these occurred in fractures of the humerus and eight were 
in fractures of the internal condyle. Seven of these patients recovered 
spontaneously in from three to eight months. In 600 operations on the' 

Colledge, L., and Bailey, L.: Brit. J. Surg. 13:533 (Jan.) 

33. Platt, Harry: Brit. J. Surg. 13:409 (Jan.) 1926. 
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peripheral nerves there were only two in which the ulnar nerve was 
found encased in callus. The nerve bed was often found to be altered, 
however, in such a way as to produce pressure or friction. Early 
involvement of the nerve is rare (nine out of 252 cases) and occurs most 
commonly in conjunction with fracture of the internal condyle. It is 
usually due to the primary contusion of the injury and tends to get well. 
Operation is indicated only after failure to improve at the end of a con- 
siderable period. When the symptoms develop after a latent period, the 
involvement is due to an alteration in the nerve bed, and operative 
treatment is usually necessary. Late involvement may occur as a remote 
sequel of fracture of the external condyle in childhood, and is due to 
friction or tension of the nerve. This condition necessitates operative 
treatment, either anterior transplantation of the nerve or correction of 
deformity by supracondylar osteotomy. Recurring dislocation of the 
nerve from its bed is due to a change in the configuration of the post- 
condylar groove, and transplantation of the nerve to the front of the 
elbow is indicated. 

Periarterial Sympathectomy: An Easy and Rapid Method . — 
Camera®’* has devised a technic to obviate some of the difficulties of 
periarterial sympathectomy by the usual method. After isolating the 
artery and lifting it on a hook, he introduces a long slender needle into 
the vessel wall and passes this downward between the superficial and 
muscular coats for its entire length. He then slowly injects sodium 
citrate solution, withdrawing the needle as the injection is made. By this 
means the adventitia is distended and separated from the inner layers 
and can then be readily stripped away by scissors or scalpel dissection. 
He reports that Leriche has used this method since it was called to his 
attention and seemingly finds it helpful. 

Effect of Periarterial Sympathectomy of the Renal Artery . — 
Melzner has done periarterial sympathectomy on the renal artery in 
dogs, but was unable to perceive the slightest histologic change in the 
kidney after an interval of from three to seventy days. From his 
experiments he concludes that there is a segmental arrangement of the 
nerve supply of the vessels and that the operation of periarterial sympa- 
thectomy in general produces no marked effect on the circulation. 

Operations on the Peripheral Nerves as a Siihstitiite for Periarterial 
Sympathectomy. — ^As sympathectomy is not without risks and is 
attended bj’^ conflicting and irregular results there is a beginning ten- 
denc}' to turn to the peripheral nerves and to attempt to obtain vaso- 
• dilatation by means of various procedures applied directly to them. Thus 

34. Camera, Ugo: Chir. d. org. di movimento 10:195 (Dec.) 1925. 

35. Melzner, E. : Arch. f. klin. Chir. 136:427, 1925. 
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and hyperthermia, which last for from seven to fourteen days. Ulcers 
and wounds are stimulated to heal, and pain from circulatory deficiency 
is relieved. That any permanent benefit results has not been established, 
nor have impartial observers noted any real improvement in cases of 
thrombo-angitis obliterans or in obstruction due to arteriosclerosis. In 
addition, the operation is not without risk, as shown by the report of 
several disasters. We are of the impression that less will be heard of 
•this operation as time goes on, and we would hesitate to recommend it 
ourselves in any but exceptional conditions. As the effort to find a 
substitute for periarterial sympathectomy in operations on the nerves, 
this is to be encouraged, but the work should be done in the laboratory 
on animal subjects under proper control. We cannot too strongly con- 
demn the trial of surgical innovations . on human patients when their 
value can be determined by animal experimentation.] 

FRACTURES 

The Value of a Fracture Service in Hospital Organisation . — 
Scudder®° emphasizes the necessity of making individual surgeons 
responsible for the care of each fracture case from the accident ward, 
through the period of hospitalization down to and including the period 
of convalescence when the patient is under treatment in the outpatient 
department. In the later stages the social service worker is most impor- 
tant in bringing about a spirit of cooperation that is entirely lacking ' 
in most of our hospitals today. The work of the whole fracture organ- 
ization has but a single object, that of getting the man back on his job. 
Standardized equipment and a trained personnel are needed. A special 
fracture service provides better opportunities for treatment and helps to 
raise the standards of treatment in general practice. 

Fractures About the Elbow Joint. — ^Ritter, Basher, Wurtzel and 
Goldblatt conclude from a study of 150 cases of fracture about the 
elbow with known end-results in fifty-two cases that the results obtained 
in the treatment of these injuries are often most unsatisfactory from 
the standpoint of both function and deformity, although failure of 
union almost never occurs. They have nothing new to suggest in the 
way of treatment, contenting themselves with the stereotyped formula 
that with the exception of fracture of the olecranon the patients should 
all be treated with the elbow fully flexed and the forearm supinated. 
They emphasize the need of proper reduction, which is to be accom- 
plished by complete flexion of the elbow with downward traction on the 

39. Scudder, C. L.: Bull. Am. Coll. Surgeons, Jan., 1926, p. 32. 

40. Ritter, H. H.; Basher, W. W.; Wurtzel, G. L., and Goldblatt, Davis: 
Fractures About the Elbow Joint, J. A. M. A. 86:680 (March 6) 1926. 
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forearm. They feel that early functional restoration is dependent on 
early motion and massage. 

[Ed. Note.— We feel that improvement in results may be obtained 
in many of the elbow fractures by more frequent resort to the open 
method. Only by this means can complete reposition of fragments be 
secured in the comminuted intra-articular fractures and if they are fixed 
securely by internal splints movement and massage may be begun 
at once.] 

End-Results in Fractures of the Fewwtr.— Ashhurst and Crossan 
have made a study of 111 consecutive fractures of the femur. Of the 
ninety-eight patients who survived their injuries, eighty-seven, or 89 per 
cent, were traced. Among these eighty-seven patients, anatomic reposi- 
tion of the fragments was secured in forty-four, or 50 per cent. 
Moderately accurate reduction was obtained in thirty-four, or 40 per 
cent, and in nine only was the position of the fragments bad at the 
time of consolidation. Fifty-five patients, or 63 per cent, had no 
functional disability whatever ; twenty-six, or 30 per cent, had moderate 
functional disability, and only six, or 7 per cent, were incapacitated. 
Nearly 64 per cent of the patients returned to work in less than six 
months; nearly 84 per cent returned in less than nine months. For 
fractures through the neck and trochanters, either the abduction cast was 
used or the patient was treated as for fracture of the shaft of the 
femur, the choice depending on the level of the fracture and the best 
method of overcoming the deformity. For fractures of the shaft and 
most supracondylar and intercondylar fractures, Buck’s extension was 
employed, with the patient’s leg resting on a sliding splint to overcome 
friction. Operation was employed in 9 per cent of the cases, and less 
often in recent years than formerly — only three times in the last eight 
years. 

Fractures of the Ankle. — Platt,^® writing on fractures of the ankle, 
follows Ashhurst’s method of classifying them according to mechanism 
into fractures by external rotation, by abduction, and by adduction. He 
advises closed methods of treatment for fractures with a small amount of 
displacement. Out of 116 cases the open method was employed in only 
four. His study of end-results showed increasingly good functional 
results in 90 per cent after two years. 

Ununited Fractures . — ^Henderson has made a study of 259 cases 

of ununited fracture that were treated at the Mayo Clinic in the last 


41. Ashhurst, A. P. C. and Crossan, E. T.: Prognosis and Treatment of 
Fractures About the Elbow Joint, J. A. M. A. 86:680 (March 6) 1926 
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six years. These were divided on an arbitrary basis into ninety-six cases 
of delayed union and 163 cases of nonunion. Included in the latter group 
were twenty-eight cases of ununited fracture of the hip, the results in 
which are considered separately. All of the 259 patients were treated 
surgically, the operative procedures being classified either as bone grafts 
or plastic operations. For grafting purposes usually the massive type of 
graft was employed. Plastic operation was the term applied to any 
procedure in which the fragments were shaped and fitted to each other 
and fixed by various means but without the use of a graft. A bone 
grafting operation was done in forty-three cases of delayed union and 
resulted in a cure in forty of the forty-two patients traced (96.2 per 
cent). Of the 163 cases of nonunion, the bone graft was used in 104, 
with cure in eighty-one of the ninety-eight cases traced (82.6 per cent). 
In the combined group the bone graft produced a cure in 86.4 per cent of 
the patients treated. In twenty-two cases of nonunion of the hip, 
bone grafts were used, usually from the fibula, and bony union resulted 
in sixteen of the twenty-one patients who were followed. Plastic opera- 
tions in one form or another were performed in fifty-five cases, exclusive 
of the hip, thirty-two being classified as delayed union and twenty-three 
as nonunion. Cure resulted in 93 per cent of the cases of delayed union, 
but in only 65 per cent of those with nonunion. Five of the patients with 
nonunion of the hip were not considered suitable for bone grafting and 
they were subjected to the plastic operations of either Whitman or 
Brackett. Satisfactory results were obtained in all. The cases were 
carefully studied from the standpoint of etiology, and the outstanding 
factor appeared to be severe direct injury, so severe that there was 
no question as to its importance in the devitalization of the tissues. 
Sixty-two of these severe injuries were associated with compound frac- 
tures arid fifty-six with simple fractures. Forty-seven compound frac- 
tures were encountered in the cases of nonunion, whereas only fifteen 
were in the delayed union group, showing that severe injuries with 
compound fracture are prone to lead to nonunion. A severe injury with 
a simple fracture appeared responsible in fifty-six of the cases. Inade- 
quate fixation appeared to be responsible in twenty-three cases; poor 
reduction, with or without interposition of tissue, in forty cases; the 
presence of metal fixative material in eleven cases, and in thirty-nine 
cases no cause could be determined. Determination of the calcium and 
phosphorus content of the serum was made in practically all of the cases, 
but with indefinite results. The' fact that a higher percentage of cures 
was obtained by both methods in the cases of delayed union, 93 per cent 
as compared with 73.8 per cent in the nonunions, leads him to conclude 
that the earlier an incipient nonunion is recognized and treated, the 
greater will be the chance of cure. 
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The Dangerous Period in the Development of the Hip Joint.— 
Harrenstein believes that unfavorable mechanical conditions at the hip 
during the later months of pregnancy may bring about dislocation of the 
hip before the birth of the child. He has examined ninety-five pelves 
of fetuses, new-born babies and adults, and believes that the depth of the 
pelvis is least during the period when the length of the. body is from 
36 to 60,cm. ; that the female pelvis is shallower than the male, explaining 
the greater frequency of dislocation in the female ; that the left acetabu- 
lum is shallower than the right, explaining the greater frequency of 
left dislocation. LeDamany has found that in France the right 
acetabulum is deeper than the left; this differs from the reports from 
England, Germany and Austria. The female acetabulum is more sagittal 
and vertical' than the male. He emphasizes the fact that during the 
36 to 60 cm. period of fetal development the posture of the fetus is 
favorable to subluxation at the hip. 

The Question of Reunion of Osteochondritic Joint Mice. — ^Lehmann, 
in observing a series of early, not yet fully separated osteochondritic, 
potential joint mice, has found not only pseudarthritic processes, but also 
bridges between the subchondral tissue, and the osteochondritic area, 
suggesting that complete reconstruction is possible. 

The Changes in Metabolism Associated with Fracture, — Dann- 
heiser has checked the work of Rehns on the muscle reaction to elec- 
tricity in fracture of the bones. In the first week the muscles show 
decreased irritability, so-called stupor. In the following four weeks 
there is gradually increasing irritability, approaching the tetanic state. 
After four weeks the muscles gradually return to normal. The urine is 
acid for from six to twelve days, then alkaline for about a week, return- 
ing to normal thereafter. The hydrogen ion concentration in the urine 
was found to be similar to the findings of Rehns, 

The Vertebral Column from the Anatomic and Physiologic Stand' 
points. — Gallois and Japiot have observed that the vertebrae have an 
internal architecture following a perfectly definite rule. The bony lines 
follow practically the rules laid down by Julius Wolff in his description 
of the neck of the femur and the os calcis. The lines of bone are 
vertical, oblique and horizorital, and form two systems of support, a 
principal and an accessory. The principal lines of support are vertical. 
These lines exist in all the vertebral bodies and follow in line as if the 
intervertebral disks did not exist. They begin at the axis and extend 
to the sacrum. This gives a unity in the vertebral column and an indi- 

46. Harrenstein, R. J.: Ztschr. f. orthop. Chir. 46:481, 1923, 

47. Lehmann, J. C.: Deutsche Ztschr. f. Chir. 88:192, 1923. 

48. Dannheiser, F. : Arch. f. klin. Chir. 136:292, 1925. 

49. Gallois and Japiot: Rev. de Chir. 63:688, 1925. 
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viduality to each vertebra. The accessory system of support unites the 
body of the vertebrae by oblique ^d horizontal lines, two superior and 
t\vo inferior. From the rectan^lar point of view, the vertebra is 
divided into two parts, a massive body and the apothesis. The bodies are 
supportive and the apotheses are the levers th^\^ntrol them by -means 
of the muscles. The architecture of the different pasts of the vertebrae 
corresponds to the laws established by Culman fo^the neck of the 
femur. The architecture of the vertebrae seems to be^lanned for two 
purposes: (1) to resist compression and (2) to perm^the control of 
motion by the apotheses without lessening the supportive quality of the 
spine and without injury to the spinal cord and the nerves coming 
from it. 

Experimental Research on the Regeneration of Articular Cartilage. 
— ^Haebler,®® using dogs, has performed twenty-two experiments, the 
purpose of which was to determine the. healing power of articular 
cartilage. When the cartilage alone was injured without injury to the 
subchondral bone, the wound in the cartilage showed no change after 
300 days, showing that the cartilage itself has no power of regeneration. 
When the subchondral bone is injured as well as the cartilage, the 
cartilage defect is filled with fibrous tissue. The cartilage beyond the 
area of injury remains normal. He found that altered function of the 
joint, such as is produced by amputation, plaster-of-paris, or other 
lesion, results in arthritic changes in the cartilage. 

MISCELLANEOUS 

Liimbarisation of the First Sacral Vertebra and Spondylolisthesis . — 
Leri gives such an excellent diagnostic symptomatology of the lumbar- 
ization of the first sacral vertebra and its forward slipping that it is 
worth reporting. He considers the clinical picture very characteristic. 
The onset of the trouble is often attributed to a definite trauma, such 
as a fall from a horse or a ladder. Even ^before the roentgenogram is 
studied the stance of the patient is suggestive. Some lateral deviation 
of the spine may often be observed and -the sacrum is more promi- 
nent. The examining finger will feel a marked depression at the fifth 
lumbar vertebra. The shoulders are squared. The Waist appears short- 
ened and the abdomen more, prominent, 'i’he lower part of the spinal 
column is farther forward than normal; When the patient bends back- 
ward the lumbar angle is increased, and when he leans forward this 
angle does not entirely disappear, and no normal lumbar kyphos is pro- 
duced. Most of the motion in the spine is dorsolumbar instead'of 
lumbar. T he walk often suggests a waddle. The pain, which has often 

50. Haebler, C: Beitr. z. Win. Chir. 134, 1925. 
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existed for years, is usually nagging rather than intense and is felt in the 
region of the lumbosacral junction medially or laterally. As a rule, it 
does not radiate along. the nerves and may resemble that of Pott’s disease. 
It is not relieved by sitting, but only by lying flat with the knees flexed, 
a pillow under the back, and the head and neck supported. Anv 
increase in the lumbar lordosis increases the pain, and high heels are 
uncomfortable. Going downstairs is harder than going up. If the 
patient jumps from a step he is often obliged to bend forward and to 
straighten up very gradually. The hip and lower leg motions are nor- 
mal, as are also the reflexes and the skin sensations. The absolute 
diagnosis can be made only from the roentgenogram. The lumbarization 
of the first sacral vertebra may be much more pronounced on one side 
than on the other, or quite symmetrical on both sides, and the anomalies 
may be very complicated. In extreme cases the sixth lumbar or lumbar^- 
ized first sacral vertebra appears almost suspended in the pelvis, and in 
these cases discomfort and pain may be very severe. 

The Care and Cure of Crippled Children , — ^An editorial in the 
British Medical Journal and a little book by Girdlestone show how 
determined an effort is being made in Great Britain, especially in Eng- 
land, to ameliorate the condition of the cripple and provide for his com- 
plete rehabilitation. The British Central Committee for the Care of 
Cripples now supports 5,000 beds for this purpose. Twenty per cent 
of the forty counties have orthopedic clinics. The general plan includes 
a central hospital for the more acute and operative cases, accessory town 
clinics, and country fresh air hospitals for patients requiring heliotherapy, 
education and industrial training. Moreover, propaganda for the edu- 
cation of the medical and lay public has been started in order to combat 
the underlying causes of the diseases that produce crippling by inducing 
a general adoption of more hygienic methods of living. 

52. Editorial, Brit. J., Dec, 12, 1925, p. 1133. 
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CORRECTION 


MECHANISM OF BACTERIAL INFECTION 

In Dr. Wilensky's article on this subject, in the -August issue of the 
ARCHires OF Surgery, the legend for figure 3 was incorrect. It should have 
read: Fig. 3. — Comparison should be made with case 7 in the te.Yt. 


Correspondence 


"THE RELATION OF THE BONE MARROW TO THE 
LYMPATHIC SYSTEM" 

In his article on the subject in the November, 1925, issue of the Archives 
OF Surgery, Kolodny has suggested that the bone marrow is supplied with 
lymphatic channels, although this has been denied by a large number of 
writers, of whom I am an unrepentant one. He adduces a certain amount of 
evidence for his contention, and it seems to be necessary to point out that 
other interpretations of it are possible, and are, to my mind, more probable. 

His evidence is obtained from the results of injection of India ink into the 
medullary cavity and subsequent recovery .of it from “regional" lymphatic 
glands: this is admittedly a summary review of his admirable experiments, 
but it does, I think, bring out the essential principle. There is one question that 
immediately arises: Is there any good evidence that the India ink, which 
lodges in the local lymphatic glands, reaches them by way of lymphatic 
channels? It must be recollected that, if India ink is injected intravenously, 
some will be found in the lymphatic glands, and here there is no special reason 
for supposing that it has all arrived at this site after traveling along lymphatic 
channels. If, therefore, India ink can reach lymphatic glands from the blood 
stream, it is surely possible that this is the mechanism by which it did so in 
Dr. Kolodny’s experiments. This is an even greater probability when it is 
recollected that the India ink was injected directly into the medullary cavity 
and not into any definitely known and recognizable channel. 

The evidence obtained in this manner by Kolodny is amplified by reference 
to the process of metastasis of malignant epithelial tumors. He states that in 
mestastatic carcinoma of the bone veins filled with carcinomatous cells are 
easily found, but he does not mention that these may be found even inside the 
bone marrow, whereas intramedullary lymphatic channels filled with such cells 
have never been described. (Piney, A.: Brit. J. Surg. 10:235 [Oct.] 1922; 
11:707 [April] 1924.) 

I think that I am not misinterpreting Kolodny when I presume that he 
regards the deposition of carcinomatous, cells in the bone marrow as being 
the result of permeation of the lymphatic channels. If this were really the 
case, it would not be possible to understand how such metastases could occur 
in association with extremely small early carcinomas, as is not infrequently 
the case. The description of invasion of bones by retrograde lymph flow from 
hypogastric lymph glands in cases of carcinoma of the prostate is not. really 
convincing; many cases of bony metastasis in the femora (derived from a 
primary growth in the prostate) are on record, but the hypogastric lymph 
nodes are by no means invariably involved. 

As in the preparation of jugged hare. It is essential first to catch the hare 
.m the present case it is necessary to find the lymphatic channel full of cancer 
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'cells. Kolodny writes of Sampson Handley’s lymphatic channels passing from 
muscle insertions to bones as being hypothetic, but the channels of which he 
himself writes are equally so; neither he nor Sampson Handley have seen 
the channels. The hematogenous origin of metastatic tumors of the bone 
seems to be sufficient explanation of the known facts, and did not William of 
Occam contend that “entia non sunt multiplicanda praeter necessitatem" ? 

A. PiNEY, M.D., London, England. 
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is reached. It is not uncommon in some breasts for the elastica to 
surround or partly surround at least some acini in a lobule. When this 
occurs the elastica of the acini and ducts is continuous. Occasionally 
the elastica surrounds a lobule. The intra-elastica tissue normally 
consists of bipolar cells which are sparsely scattered in very delicate 
fibrillous tissue. Separating this tissue, which is immediately internal to 
the elastica, from the epithelium lining, the ducts and acini, is a single 
'continuous layer of nonstriated muscle fiber (fig. 1 E). This intra- 
elastica tissue is present in all ducts and acini. It surrounds the latter 
even when the elastica is not continued around them (figs. 1, 2, 3 and 4). 
It is from these two component parts of the intra-elastica connective 
tissue that the intra-elastica fibro-adenomas arise ; hence, it is not uncom- 
mon to notice strands of nonstriated muscle fibers scattered about in the 
connective tissue of the fibro-adenomas belonging to this class. 

I. INTRA-ELASTICA FIBRO-ADENOMA 

Hyperplasias of the intra-elastica tissue occur in older women than 
those of the extra-elastica type and usually all forms of it affect women 
who are in the late thirties and onward. Both types usually affect the 
terminal parts of the ducts and acini. Hyperplasia of this tissue I divide 
into two parts : (a) diffuse and (&) local. 

(a) Diffuse . — In this type there is a general, more or less uniform, 
hyperplasia of the tissue (figs. 2 and 3) which early undergoes degen- 
eration (fig. 4), and instead of being composed of recognizable cellular 
tissue it appears as a uniform state in which no cells can be detected ; it 
stains diffusely. It affects discrete portions of the gland and I have 
never seen it generalized throughout the whole gland. It appears clini- 
cally when it affects ducts and acini as a localized lumpiness and is 
always diagnosed in that meaningless term “chronic mastitis.” Needless 
to say, it has nothing to do with inflammation. It may affect terminal 
parts of ducts alone, acini alone, or terminal parts of ducts and acini 
(figs. 2 and 4). 

(&) Localized . — The hyperplasia in this state is represented by a 
well marked tumor and forms one kind of intracanalicular fibro-adenoma. 
The tumor may be represented by a purely acinous fibro-adenoma (fig. 
5), or by a pure intracanalicular duct fibro-adenoma (figs. 6 and 7). 
Both states respectively represent a single tumor. The acinous intra- 
elastica fibro-adenoma (fig. 5) never attains a large size and usually is 
discovered accidentally in examinations of the breasts for other lesions. 
The intra-elastica duct fibro-adenoma (fig. 7), on the other hand, 
appears as a definite tumor and therefore becomes of greater clinical 
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importance. The duct intracanalicular fibro-adenoma of this type arises 
from the diffuse affection of the duct and appears as a deHnite lobulated 
tumor, the connective tissue of which is composed of delicate fibrous 
tissue in which bipolar and ordinary cells are separated from each other 
by more or less delicate connective tissue fibers, among which can be 
seen separate and irr^ularly distributed strands of nonstriated muscle 
fibers. An early stage of this tumor formation is seen in figure 6. The 
epithelium covering the connective tissue is of healthy appearance, not so 
columnar in type as in normal breasts, and from this lining of epithelium, 
processes dip down into the connective tissue and form definite, vigorous, 
normal looking acini (fig. 8). Also, papillomatous processes from which 
secondary papillomatous processes grow may arise from the surface of 
the tumor and give rise to very complicated appearances (fig. 9). The 
patient from whom the sections were taken was 51 years of age and it 
is extraordinary to note how 3 'oung and vigorous are the new epithelial 
formations in the tumor. 

II. EXTRA-ELASTICA FIBRO-ADENOMA 

The connective tissue in which the following changes begin is the 
pericanalicular and periacinous connective tissue that immediately sur- 
rounds ducts and acini (fig. 1 iiC and K^). It separates these structures 
from the more dense and coarse supporting connective tissue of the 
breast (fig. 1 L) and, pathologically, is a more important tissue than 
the latter. There is no increase in ducts or acini in this type of disease. 
The changes occur in preexisting ducts and acini and hence it differs 
materially from the intra-elastica localized fibro-adenoma which occurs 
in the ducts and which I have described above. The changes I am about 
to describe occur in females of all ages from adolescence onward. Like 
the intra-elastica fibro-adenomas, the changes occur in the terminal parts 
of the ducts and acini, and also as (a) diffuse and (h) localized changes. 

(a) Diffuse Hyperplasia of the Extra-Elastica Fibrous Tissue 
(Diffuse Fibro- Adenomatosis). — This may affect nearly the whole breast, 
giving rise to the appearance of a generalized fibro-adenomatosis. In this 
diffuse state parts can be seen in which the changes are more isolated 
than elsewhere (fig. 10). This isolated part exactly resembles those 
changes which I described under (h) the localized form. The epithelial 
change occurring in this state is mainly one of desquamative hyperpla- 
sia mthin the lumina and are characterized by their small, desiccated 
appearance and by their unwillingness to take up the stains. The diffuse 
mrrn generally occurs after the age of about 30 years, and some 
ob.er^^ers do not consider that this diffuse fibro-adenomatosis is of 
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precisely the same character as that which is occurring in the localized 
form. I can only say there is no difference between the localized and 
diffuse . forms in their growth and microscopic appearance. I regard 
both states as being primary and not merely the result of chronic 
inflammation. 

(&) Localised Hyperplasia of the ExtrorElastica (Fibro-Adenoma) . 

— ^The terminal ducts and acini are, as a rule, the only parts involved in 
this tumor. The epithelial changes are the same desquamative type that 
occur in the diffuse form. The coarse fibrous tissue which supports 
the breast is pressed on by the growing tumor and here there are 
appearances that give rise to the false conception of a capsule. I have 
never been able to detect a real capsule to any of these tumors. It is ^ 

important to observe that the ‘tumor increases in size by two methods. i. 

The first is a continued growth of periacinous and pericanalicular con- 
nective tissue that was first aflfected (fig. 11 A), and the second an 
increase of the pericanalicular and periacinous fibrous tissue of fresh 
ducts and acini (fig. 11 B and C). The latter may be in juxtaposition 
to the original tumor, or they may be separated from it by parts of the 
breast that appear to be nearly normal. Lobulation of the tumor is 
accounted for in this way. The importance of this observation deter- 
mines the inevitable conclusion that even a localized fibro-adenoma is 
really a process affecting consecutively parts in a localized area of a 
gland that had been normal. The ducts and acini -in these tumors 
may become cystic. Into the cysts may grow intracanalicular and 
intra-acinous projections. In some of these projections 1 have noticed 
that the intra-elastica connective tissue has become diffusely hyper- 
trophied. 

CLINICAL SIGNS 

The clinical signs of the diffuse forms of the intra-elastica and extra- 
elastic changes I have described are those of lumpiness of the breasts 
in thin people. In fat people they give rise to no definite clinical sign. 

The lumpiness is due to fat lobules and the underlying breast cannot be 
palpated. Lumpiness of a breast includes hosts of more important 
changes, generally summed up in that meaningless diagnosis of “chronic 
mastitis.” The clinical sign, nodularity of a breast, includes early and 
late carcinomas as possibilities. 

The clinical signs of the localized intra-elastica and extra-elastica 
hyperplasias give' rise to a lobulated, defined, solid tumor commonly 
known as a fibro-adenoma. The tumor may be single in the breast, or 
it may appear to be single, and microscopic examination reveals unsus- 
pected tumors in its neighborhood, or the tumors may be obvious 
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clinically as being multiple. The diagnosis from a duct carcinoma in 
which the tumor is not adherent to the skin is as follows: A duct 
cardnoma is rounded and not lobulated. There may be a history of a 
discharge of blood or serum, or both, from the nipple. In its later 
stages the tumor becomes attached to the skin and there may or may not 
be enlarged glands in the axilla. 

TREATMENT 

It will have struck the reader that when all forms of intra-elastica 
and extra-elastica hyperplasia are localized and form a definite tumor, a 
segment of the breast is involved, and hence the only rational treatment 
that can be adopted is to excise the whole of the affected segment that 
includes the tumor. This statement applies to all forms of fibro- 
adenomas and it is not safe to attempt only a so-called enucleation of 
the tumor. I have established the fact that in the formation of fibro- 
adenomas a segment of the breast is undergoing the change, and thus a 
cure by an enucleation of the tumor is effected by a pure accident 
(fig. 11). 

The diffuse forms usually require no treatment. ' When doubt enters 
the mind of the surgeon, then I believe the safest course is to remove a 
large part of the gland for the purposes of a diagnosis, which can be 
made only by making whole sections of the part removed. The 
importance of a definite diagnosis in glands of this type becomes 
clear when it is realized that carcinoma may diffusely affect a 
whole breast and the condition clinically resemble the diffuse fibro- 
adenomatous states. In my experience such patients have always been 
lulled into a false sense of security by being sent away with the utterly 
meaningless diagnosis of “chronic mastitis," a term that I feel sure 
should be abolished from the nomenclature. 

My observations have been based on the results of microscopic exam- 
ination of whole sections of the breast in which the elastica has been 
stained. 

SUMMARY 

1. The changes described in this article occur in the terminal parts of 
ducts and acini and in tissues that have been normal. 

2. Diffuse hyperplasia and the formation of intracanalicular fibro- 
adenomas occur in the intra-elastica tissue. 

3. Diffuse adenomatosis and fibro-adenomas arise from the peri- 
canalicular and periacinous (extra-elastica) connective tissue. The fibro- 
adenomas of this type may contain intracanalicular growth which may 
show diffuse hyperplasia of the intra-elastica connective tissue. 
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4. The formation of intra-elastica and extra-elastica fibro-adenomas 
is a progressive process that affects consecutively fresh parts of a seg- 
ment of the breast that has been normal and accounts for the lobulation 
of the tumor. 

5. The correct treatment of fibro-adenoma is to excise the affected 
segment of the breast that contains the tumor or tumors. 

6. I wish it to be particularly noted that nodularity or lumpiness of a 
breast can be detected only in thin subjects. In fat people nodularity of 
the breast is often described, but the nodularity is due to lobules of fat 
only. 




Fig. 1. — ^Terminal duct and two acini (diagraoimatic) : A, interior of duct; 
IJ and Bt, interiors of two acini ; C, lining of epithelial cells. The abrupt change 
of character that takes place in the epithelium, D, of the acini is riot shown; £, 
unstriated muscle fiber; G, intra-elastica connective tissue; H, the elastica; /, the 
muscular tissue of the duct; K, the pericanalicular connective tissue; K, the 
intra-acinous connective tissue; L, the supporting connective tissue of the breast 
in which ail the foregoing are embedded. 








Fig. 3.-Tenninal branch of a duct: A. the interior of the duct; B. its epi- 
thelial lining; C, the hyperplasia of Ae intra-elastica connective issue, , 
elastica which itself has undergone a little hyperplasia. 



Fig. 4. — ^Terminal duct and acini: A, the interior of the duct; B, the intra- 
elastica connective tissue of the acini which can be traced in direct continuity with 
the intra-elastica tissue of the duct; D, the intra-elastica tissue around these struc- 
tures has undergone some degeneration; C, the elastica which has undergone some 
hyperplasia. 





Fig, 5,— Hyperplasia of the intra-elastica tissue surrounding acini which has 
formed a definite intra-elastica acinous fibro-adenoma ; this was discovered acci- 
dentally in examining a breast for carcinoma: A, the intra-elastica connective 
tissue which has undergone complete degeneration ; B, the elastica which surrounds 
all the acini of this lobule; C, the intra-acinous connective tissue, and D, sur- 
rounding tissue. 



Fig, 6.— Two parts of a convoluted terminal duct which show the beginning of 
a definite intracanalicular intra-elastica fibro-adenoma: A, interior of the duct; 
B the intra-elastica connective tissue which is forming papillomas lined by epi- 
thelium which are growing into the interior of the duct; C, the elastica. 





Fig. 7. — ^Part oi an intra-elastica intracanalicular fibro-adenoma, the whole of 
which was the size of a walnut, from the breast of a married woman, aged 51 : 
A, the interior of the terminal duct; Bt, Bz and Bt, the intra-elastica connective 
tissue of this terminal duct which has imdergone diffuse hyperplasia and from 
which the fibro-adenoma can be seen growing at C; E, the elastica; F, part of 
the same tumor in the same duct that was convoluted; D, an acinus that has 
undergone diffuse intra-elastica hyperplasia which has degenerated. 





Fig. 8 . — A duct and its acini which has dipped down into the tumor C of figure 7 
from the epithelial surface lining it; C, duct and acini; A, a simple epithelial pro- 
longation ; B, acini without any duct formation. 








Fig. 10. — ^Diffuse fibro-adenomatosis of the breast: The pericanalicular and 
intra-acinous connective tissue is seen to have undergone hyperplasia at B, B, B; 
at A, the process has resulted in the formation of a microscopic extra-elastica 
fibro-adenoma. 
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THE EFFECT OF THE LIGATION OF THE PUL- 
MONARY ARTERY OF ONE LUNG WITHOUT 
AND WITH RESECTION- OF THE 
PHRENIC NERVE* 

KARL SCHLAEPFER, M.D. 

MILWAUKEE 

This article will detail late results following ligation of the left 
pulmonary artery in dogs, without and with simultaneous section of 
the phrenic nerve. 

In a previous report ^ it was shown that the operative procedure is 
unassociated with any definite shock, that the animals regain normal 
activity within twenty-four hours and remain so until the experiment is 
terminated, as much as four months later. 

In the interval included in the reported experiments, the lung with 
intact pulmonary artery expands and herniations in the thinnest areas 
of the mediastinum occur, but this process becomes stabilized after a 
month. On the other hand, the lung with ligated pulmonary artery 
gradually decreases in size, and this process progresses more rapidly 
when the phrenic nerve has been sectioned. Collateral circulation is 
established by increase in the caliber of the bronchial artery which 
doubles its size in three months but somewhat less rapidly when the 
phrenic nerve has been sectioned. 

Microscopically, the alveolar walls become distended shortly after 
the operative procedure and hemorrhages occur in the alveoli followed 
by desquamation of the alveolar lining cells and phagocytosis. This in 
turn is followed by a new connective tissue formation which is more 
rapid when the phrenic nerve is cut than when the vessel alone is ligated. 

The present series of experiments was undertaken to determine the 
extent of the fibrosis after longer time intervals. 

METHODS OF EXPERIMENTATION 

The e.xperimental procedure was detailed in the previous report. 
Seven animals are included in the present series and in three of these 
the phrenic nerve was cut. The final observation was made two vears 
after the beginning of the experiment. At necropsy the precaution of 
tying the trachea before opening the chest cavity was constantly observed. 

*From the Brady Laboratory of Pathology and Bacteriology, Yale University 
School of. Medicine, New Haven, Conn. 

1. Schlaepfer, Karl; Ligation of the Pulmonary Artery of One Lung With' 
and Without Resection of the Phrenic Nerve, Arch. Surg. 9:25-94 (July) 1924 
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EXPERIMENTAL RESULTS 

The results of these experiments are so similar to those included in 
the former report that the immediate purpose of this article will best 
be served by a brief summary of the changes in the whole series with 
special emphasis on the findings in animals at the end of two years 
after operation. 

No deformity of the chest wall or of the spine was evident even after 
two years’ observation. Roentgenograms taken at regular intervals 
showed the diaphragm at its normal level on both sides when the 
phrenic nerve was intact, but when it was resected, an elevation of the 
paralyzed diaphragm was conspicuous and became more and more 
marked as time passed (fig. 1). 

The displacement of the mediastinum and heart was not satisfactorily 
demonstrated in roentgenograms because it proved impossible to obtain 



I'ig. 1. — A, chest three weeks, B, ten months, and C, two years after ligation 
of left pulmonary artery and resection of left phrenic nerve, showing gradual 
elevation of diaphragm on paralyzed side. 


comparable pictures. The data obtained, therefore, are derived solely 
from necropsies. The lung with the intact pulmonary artery becomes 
distended and indents the mediastinum in its thinnest portions toward 
the lung whose pulmonary artery has been ligated. This results in the 
formation of hernias of the mediastinum, from 3 to 4 cm. deep. By 
the same process, the right mediastinal lobe becomes interposed between 
the left lung and the diaphragm. The process becomes stabilized after 
one month. The enlargement of the lung with intact pulmonary artery 
is partly due to compensatory' emphysema. It is presumed that e-xpan- 
sion results in part from a dilatation of the blood vessels in the alveolar 
walls.- There is not enough evidence at hand to indicate whether these 

2. Von Basch; Klinische und expcrimentelle Studien aus dem Lalwratoriiini 
Prof, von Basch, Berlin 1:171, 1S91. 
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two factors are effective separately or whether they have any inter- 

is not present -in the pleural cavitj- and the pleural 
covering is thin and gUstening everywhere except over the areas of 
fibrous adhesions, restricted to Ovo well defined areas of trauma at 
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Fig. 2.— Posterior view of chest organs in dog 140 days after ligation of left 
pulmonary artery and crushing of left phrenic nerve; the left brondiial artery, 
L. Br., is more than twice the size of the right one, R. Br., although an intercostal 
vessel, I. c., branches from the right bronchial artery. 


operation: the site of ligation of the pulmonary artery along the medi- 
astinum and the scar of operation in the anterior chest wall. Variations 
in the extent of adhesion formation are considerable: in a specimen of 





626 


ARCHIVES OF SURGERY 


one and one-half years’ duration, for instance, only a few adhesions 
were present in the region of the hilum whereas in a specimen of two 
years' duration, the adhesions to the anterior chest wall and to the 
mediastinum were quite extensive. 

The collateral, nutritive circulation through the bronchial artery is 
well established within two months after ligation of the pulmonary artery 
and within three months if the retarding action of the paralyzed 



Fig, 3. — Lungs two years after ligation of left pulmonary artery and resection 
of left phrenic nerve. 


diaphragm is prc.sent (fig. 2). The bronchial artery doubles its caliber 
within this time interval, and in the group without section of the phrenic 
nerve, is from three to four times the normal size at the end of two 
years. With a paralyzed diaphragm, the caliber of the bronchial artery 
generally does not exceed twice the normal even after two years. 

Evidence of increased intrapulmonary pressure is forthcoming from 
the fact that hypertrophy of the right ventricle is encountered in experi- 
ment.s (»i one and one-hall and two years’ duration. 
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The lung with ligated pulmonary artery becomes reduced in size 
from four-fifths to three-fourths the normal after three months, and 
thereafter more slowly, reaching two-thirds the normal after two years. 

Section of the phrenic nerve hastens this process. Within three 
weeks it is reduced to three-fourths; in three months to two-thirds; in 
five months to one-half, and varies after two years between two-thirds 

and half the original size (fig. 3). 

From the beginning the lung with ligated pulmonary artery is firmer 
than the intact organ and remains so throughout the whole series. The 
increase in consistency is more marked in the lower lobe and especially 
if the phrenic nerve has been resected. It progresses slowly in the 



A . B 

Fig. 4. — A, lung whose pulmonary artery was tied two years before; slight 
increase of connective tissue in alveolar walls and around medium sized blood 
vessels ; B, opposite lung, which has a normal appearance ; X 375. 

course of two years. After two years the difference of the lungs 
without and with section of the phrenic nerve is striking and justifies 
a separate description. 

The difference between the right and the left lungs when only the 
pulmonary artery is ligated in the left is not striking. There is a slight 
increase in consistency of the upper and the lower lobes of the lung with 
ligated pulmonary artery associated with irregularly distributed, slight 
fibrosis of the bronchial and the alveolar walls (fig. 4, A and B). ** 

When ligation of the pulmonary artery is combined with section 
of the phrenic nerve, the lung becomes mottled by the presence of small 
whitish specks visible both on the pleural surface and on section This 
change is most conspicuous in the lower lobe and diminishes toward the 





628 


ARCHIVES OF SURGERY 


apex. Injection of gelatin through the bronchial artery shows that 
branches of this vessel form the center of these white dots. These in 
turn are surrounded by air containing zones. Strands of connective 
tissue are especially numerous in sections through the lower lobe near 
the paralyzed diaphragm. They cross the field in different directions and 
separate groups of alveoli with irregularly thickened or almost normal 
alveolar walls. The walls of the bronchi, too, are thickened 
(fig. 5 A). The intact lung shows dilated, empty alveoli and congested 
blood vessels irrespective of the length of time of the experiment or the 
operative procedure (fig. 5 5). 



A. B 

I'ig. 5. — . /, the hiiig whose pulmonary artery was tied and the plirenic nerve 
cut two years betorc; marked increase in connective tissue, especially around the 
larger blood vessels ; B. opposite, intact lung, which does not show any connective 
tissue increase; empty alveoli and congested blood vessels are onlj' findings of 
note ; X 375. 


CO.M.MEXT 

Two facts are evident : 

1. The collateral circulation is more rapidly and more efficaciously 
established when the diaphragm is intact. 

2. Fibrosis is more extensive when the diaphragm is i)aralyzed. 

The explanation of these facts and their relative importance may be 

advantageously discussed. The deduction seems permissible that when 
the pulmonary artery is ligatetl and the phrenic nerve resected, there is 
increasccl stasis which considerably augments fibrosis of the lung. 
Perhaps the association with elimination of the piston-like action of the 
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diaphragm which facilitates the blood flow in the lung hampers the 
formation of an efficacious circulation tlirough the bronchial artery and 
the pulmonary capillaries. 

SUMMARY 

1. Ligation of the pulmonary artery is associated with a fairly rapid 
development of a collateral circulation through the bronchial vessels, but 
even after two years the extent of the pulmonary fibrosis in the lung 
whose pulmonary artery is ligated is slight. 

2. When ligation of the pulmonary artery is associated with simul- 
taneous resection of the phrenic nerve, fibrosis of the lung is much 
more extensive, but there is a distinct retardation in the formation of a 
collateral circulation through the bronchial artery. 

These two facts seem to be linked together as the most extensive 
fibrous reaction occurs about the radicals of the bronchial artery. 

3. It is obvious that simple ligation of the pulmonary artery is not 
an efficacious therapeutic procedure to stimulate fibrosis of the lung in 
tuberculosis and that more beneficial results might be expected, in case 
the foregoing experiments are of any value, if ligation of the pulmonary 
artery is associated with simultaneous resection of the phrenic nerve. 

4. A final factor worthy of mention is the evidence of increased 
intrapulmonary pressure after ligation of the pulmonary artery as 
expressed by the findings, both gross and microscopic, of right sided 
cardiac hypertrophy. 

123 Grand Avenue. 



THE SKIN TRIANGLE OF APPENDICITIS 


A DISCUSSION OF ITS SIGNIFICANCE AND ITS DIAGNOSTIC VALUE 
AS OBSERVED IN MORE THAN FOUR HUNDRED CASES 
OF ACUTE APPENDICITIS * 

EDWARD M. LIVINGSTON, M.D. 

NEW YORK 

OBJECT OF ARTICLE 

The object of this article is to report the value of skin tenderness 
in the diagnosis of acute appendicitis. The study was conducted in the 
Third Surgical Division of Bellevue Hospital, service of Dr, George 
David Stewart, and is based on 428 consecutive cases, over a period of 
six and one-half years. In a previous article from this division ^ 
reporting observations on 126 patients, a skin triangle for use in diag- 
nosis was described. At this time proof seemed at hand that skin tender- 
ness limited to the triangle constituted the most important single sign 
or s3miptom of acute appendicitis. Such a deduction was too drastic 
to be reported on the basis of so small a series of cases and it remained 
for a more extended period of observation to determine the accuracy 
of this conclusion. The present article constitutes the more extended 
study. 

SIGNIFICANCE OF EARLY WORK 

The subject of cutaneous hyperesthesia is not new. Much research 
and investigation have been concluded in this field,yetscarcely a reference 
to skin tenderness is found in textbooks dealing with acute appendicitis. 
It must be concluded either that this work has been largely overlooked 
or that it has been examined and rejected. A brief historical review is 
essential to a thorough understanding of the present interpretation of the 
subject and also makes it clear why there has been little practical use 
made of these researches. 

The Hypothesis of Ross . — It had long been known that remote areas 
of skin became tender during the course of certain visceral disorders, a 
classical example being the writings of Hunter,- who reported a per- 
sistent tenderness of his left arm after an attack of angina pectoris. Yet 

* From llie Third Surgical Division of Bellevue Hospital, service of Dr. 
George David Stewart, and the Department of Experimental Surgery, New York 
University and Bellevue Hospital Medical College. 

1. Livingston, E. M. : The Skin Signs or Viscerosensory Phenomena in .Acute 
-Appendicitis, .Arch. Surg. 1:83-95 (July) 1923. 

2. MacKeiizie, James: .Angina Pectoris, Oxford Medical Publications, London, 
Frowde, Hodder and Stoughton, 1923, p. 53. 
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Ross was the first to offer a scientific explanation of this occurrence. 
His interpretation,® published in 1888, has become kno^vn as the theory 
of referred pain. Although working at a time when the vegetative 
nervous system was little understood, he was able to show that nerve 
fibers pass from the internal organs to the spinal cord and are there 
associated with sensory nerves coming from the skin. He stated as his 
belief that this association of fibers within the spinal cord made possible 
the tender areas of skin already noted. 

MacKensie’s Study of Cord Segments.— In 1892 MacKenzie^ 
reported his agreement with the “hypothesis of Ross” and cited many 
cases explained by this theor}'. He attempted further to define with 
accuracy the relation between the spinal segments and the skin. , By 
studying cases of herpes zoster and of diseases of the spinal cord 
MacKenzie was able to map out areas of skin associated with each 
spinal segment. 

Head Zones , — In the same year Head ® published his first paper on 
identical lines. Through exhaustive researches he was able to map 
the entire body and limbs into skin zones, each of which corresponded 
to the cutaneous distribution of pain fibers from one segment of the 
spinal cord. Head’s name has become attached to the theory of referred 
pain and the study of cord segments, almost to the exclusion of those 
of Ross and MacKenzie. The skin areas have become known as Head 
zones. These zones have been greatly misunderstood. Head stated 
that such zones were not of equal importance in visceral disease, and 
that he had seen only certain areas thus involved, while in many others 
he had never encountered such hyperesthesia from internal disorders. 

Head’s Ma.xinial Points . — ^This author carefully pointed out that 
complete zones were seldom to be found in clinical tests. They are 
theoretical and are determined only experimentally. He taught that 
these zones all contain maximal points where the skin tenderness is 
greatest. When hyperesthesia is present in a zone, it may be found- 
only at the maximal point. At times it occurs over a wider area, but 
seldom throughout the entire zone. In spite of these teachings, the 
textbooks of the period soon printed Head’s charts and represented each 
zone as being intimately associated with some internal organ. Each 
viscus was shown to have a “skin representative” for use in diagnosis 
and it was intimated that in a disease of such an organ, hyperesthesia 
was present neatly distributed over the zone indicated. This undue 


3. Ross, James, quoted by ilacKeiuie (footnote 2 p 18) 

Ks/isoi Pam of VhcerLi Disoaae, M. aronicte 16= 

' of Sensation, with Special Reference to 

ram oi Visceral Disease, Brain 16:1-122, 1892. 
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by itself to prove the existence of any' particular disease” since “various 
disorders are accompanied by a similar hyperesthesia ” Cope, and all 
previous writers, have approached the subject from a different angle 
from that of this article. It has been their stated purpose to 
observe and record all hyperesthesia preset in any case later proved 
one of appendicitis; ours to determine what of this hyperesthesia can 
be used for diagnosis, to test the utility of a limited area, and to regard 
as negative all hyperesthesia of wider extent. Former .work, then, has 
•described many overlapping skin areas, identical in various disorders and • 
of little practical value. 

Twenty years have passed since the publication of Sherren’s article. 
During this period nothing has appeared to alter his conclusions. Since 
hyperesthesia was believed to be present in so small a percentage of 
cases, to occur in any of seven different skin areas, and was presented by 
its investigators as of slight value in the diagnosis of appendicitis, it 
is small wonder that little reference to the subject is found in current 
literature. 

ADDITIONAL SIGNIFICANCE OF RECENT WORK 

The present study assigns an entirely new practical value to cutaneous 
hyperesthesia in acute appendicitis. This new significance depends on 
two points of difference from former work; namely, a different method 
of testing and a different method of localization. 

Method of Testing . — Too much emphasis cannot be placed on the 
necessity of using vigorous tests in eliciting skin signs. This view has 
not been previously stressed. On the contrary, it was formerly empha- 
sized that vigorous tests should be avoided. The methods previously 
recommended were the gentle use of a pinpoint or cottonwool dragged 
across the skin. Sherren stated that “all pressure upon deep structures 
must be avoided” and advised stroking the skin gently. Robinson wrote, 
“The best method is to pinch the skin very lightly or to stroke it with 
a common pin” and that “it is obviously essential that pressure shall be 
exerted upon no structure other than the skin.” These authors found • 
positive skin signs in but 20 to 30 per cent of their cases. Our own 
tests by similar methods have also shown skin signs to be present in no 
more than one-fourth of patients with acute appendicitis. Such exami- 
nations are totally inadequate. Vigorous tests, on the other hand, show 
positive hyperesthesia in 86 per cent of cases. It is our experience 
that the percentage of positive cases is in direct proportion to the grade 
of stimulus employed. 

Tniction Test.—We have come to rely almost e.xclusivelv on what 
might be termed the traction method of testing. The skin is' picked up 
between the thumb and forefinger and pulled directly away from the 
abdomen. .\ noninvolved area is .selected for this initial pull. Traction 
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is continued outward until the patient signifies discomfort. As a rule a 
vigorous pull is necessary and is steadily increased until the skin is 
stretched outward to a marked degree (fig. 1). The amount of force 
necessary to cause discomfort will vary with different patients. This 
initial degree of traction is then used as the standard of intensity for 
that particular patient and uncomfortable pulls of an identical strength 
are used in all quadrants of the abdomen. In this way any hyperesthetic 



Fig. 1. — Traction metliod of making sensory test, illustrating the adequate 
stimulus. 


area is readily mapped out. The response within the involved zone is 
that of real pain and leaves no doubt in the mind of either the examiner 
or the patient that one area differs from all others. It is utilizing 
strong tests that makes skin signs so objective and apparent and so 
greatly increases their value. 

A pinch test consists of using vigorous twisting pinches on all 
parts of the abdominal skin, the pinch being of a degree slightly 
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uncomfortable even on normal skin. The identical stimulus within an 
involved zone gives rise to an immediate defensive response on the 
part of the patient, who winces, cries out or reaches for the examining 
hand. Tests with heat and cold are refinements that may be of aid in 
defining the limits of hyperesthesia or in demonstrating the complete 
sensory change within the involved zone. 

Localisation.— A generalized skin tenderness can have no specific 
value. Just as a boardlike rigidity of the entire abdomen gives no 
indication of the site of an intraperitoneal disease, so a generalized 
hyperesthesia has no localizing value. All viscerosensory phenomena 
are produced over definite nerve pathways and should theoretically, 
therefore, be specific and exact. The entire subject has been confusing 
through a lack of precision as to localization. One of the questioiis not 
yet satisfactorily settled is just what organs can. produce skin tender- 
ness and which cannot, and to explain this variation. Another is to 
define the limits of such cutaneous hyperesthesia originating from a 
single organ. The ideal method of settling these questions would be 
through direct experimentation. In the case of the ureter this is readily 
possible. It has previously been demonstrated that the . passage of a 
ureteral catheter, .causing an artificial renal colic, produces skin tender- 
ness on the inner side of the thigh. This hyperesthesia can be produced 
repeatedly and at will and occurs within a single area, the limits of 
which are constant. Such data are exceedingly convincing. ; 

Appendicostomy E.vperiment . — Observations on a patient ; with an 
appendicostomy gave similar direct experimental evidence with regard 
to the appendix. A large bougie, passed into the appendix uniformly, 
set up a colicky pain and gave rise to a sharply localized cutaneous 
hyperesthesia. The skin tenderness was always maximal at the center 
of the appendix triangle and never extended beyond its limits. That 
this single area has a definite relation to disturbances within the appendix 
has been tested over an extended period of clinical observation. • . 


The Skin Triangle of Appendicitis . — By the appendix triangk 
(fig. 2) we mean an area bounded as follows: A line from th< 
umbilicus to the highest point on the right' iliac crest forms the 
upper side; a line carried from this point to the right pubic spine 
forms its lower side, while a line from the right pubic spine to the 
umbilicus closes the triangle. These lines coincide with no nerve distri- 
bution and the triangle is based entirely on clinical observation Each 
of .ts three Iwundaries marics a border of use in differential diagnosis 
Iknealh the lower boundan- is that definite area involved hv renalcolic' 
above Its u piter boundary a similar area involved in bilia'rj- colii, etc 
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Skin tenderness in any of these areas begins at a single maximal point, 
but in certain instances spreads widely over the abdomen. To be 
utilized for diagnosis, therefore, arbitrary limits must be established; 
thus, all overlapping and confusion are avoided. The appendix triangle 
does not signify either the complete or the sole skin area ever involved 
in cases with appendicitis; it does signify an area of clinical limits, and 
hyperesthesia confined to these borders is caused, in our experience, by 



Fig. 2. — Appendix skin triangle: cutaneous hyperesthesia is of aid in the 
diagnosis of appendicitis only when it is maximal at the center of this triangle and 
does not extend beyond its limits. 

no other intra-abdominal condition than involvement of the appendix. 
By “positive skin signs for appendicitis” we refer to hyperesthesia, 
present on the anterior abdominal wall, confined to the appendix triangle, 
and maximal at its center. 

Contrast -ivith Former Work . — ^While the present study is based on 
the clinical importance of a single area, former work described many 
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areas. The seven appendix regions observed by Sherren and Robinson 
and the regions, described by Cope extended to the right hypochoridrium, 
the lumbar region and even to the left side. This wide variation is due 
to three factors: 1. Light methods of testing give more varied results. 
2. In five of the seven areas the hyperesthesia was centered at McBur- 
ney's point and fell within the limits of the present triangle. Yet no 
mention was made of this' uniform central point and each region 
received equal emphasis. 3. In describing hyperesthesia extending over 
wide areas and well beyond the limits of the triangle, these authors did 
not differentiate a simple appendicitis from one with complications, 
such as general peritonitis, the secondary involvement of other organs, 
or the concomitant existence of two diseases. All skin tenderness 
encountered in any case was mapped out as an appendix area. 

To avoid confusion it seems essential at this point to note the fact 
that one of Sherren’s five areas was a triangle, the limits of which did 
not vary greatly from our present skin triangle for appendicitis. That 
this present triangle was worked out without any knowledge of previous 
work is a matter of little interest. Yet it insures certain fundamental 
differences. Sherren’s triangle was an actual zone of hyperesthesia and 
was found by superficial sensory tests; it was present in 10 per cent 
of cases and one of five areas of equal importance, and was not stressed 
by any subsequent writer. The present triangle, on the other hand, 
differs in its boundaries, method of elicitation and significance; it is 
found in 86 per cent of cases, and by both experimental and clinical 
proof seems to map out the limits of skin tenderness that signify an 
uncomplicated appendicitis. Our purpose is not in any way to detract 
from the classical work of Sherren, yet we believe that -to refer 
to the present area as the Sherren triangle for appendicitis is as 
erroneous as to refer to a Head zone of appendicitis. Sherren himself 
neither held nor forecast the present interpretation of. the subject, 
neither did he emphasize a triangle to the exclusion of various other 
widespread skin fields. We give this matter emphasis only to avoid 
confusion from a similarity of terminology and location between the 
two areas. 

A fundamental justification for the present appendix triangle is 
found by reverting to the original work of Head. The entire emphasis 
of this author was on the existence of maximal points of tenderness 
and on definite limits. The triangle takes cognizance of these points. 
The triangle fom^s a basis for a more exact use of cutaneous hyper- 
esthesia. It necessitates the use of a single area in diagnosis, and con- 
siders all skin tenderness extending into this area from' without or 

extending beyond its limits from within, as negative in the diagnosis of 
appendicitis. ® 
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Bellevue Cases . — This method of testing for cutaneous hyperesthesia 
and this method of localization have been a routine procedure in the Third 
Surgical Division of Bellevue Hospital Since 1921, It is exceedingly 
important in the interpretation of results to bear in mind that the find- 
ings reported are not those of a single investigator or of a group making 
a special study. More than sixty different signatures appear on these 
records, the sensory tests being made by attending surgeons, interns and 
student clerks, and no single signature is encountered in more than 
forty cases, while the author’s appears in only ^fourteen instances. The 
figures, then, represent the practical use of the appendix triangle, and 
its importance relative to other diagnostic data of appendicitis, as 
obtained in the routines of a large surgical unit. 
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Fig. 3. — Relative frequency of diagnostic data. 


Results . — During the year period covered in this review, March, 

1919, to September, 1925, 428 patients with acute appendicitis were 
admitted to the division. Of these sixty-one are omitted from this 
report — fourteen had no operations, and the remaining had no tests 
recorded. In 367 cases with complete preoperative records, the diagnosis 
of acute appendicitis was confirmed. As in previous publications, a 
chart has been prepared (fig. 3) showing the relative frequency of 
the data on which the diagnosis was based. The frequency of each 
of the classical signs and symptoms in the 367 cases was as follows: 
typical pain, 286 (75 per cent) ; nausea or vomiting. 268 (70 per cent) : 
temperature, 246 (67 per cent); localized rigidity, 220 (59 per cent'): 
leukocytosis, 289 (76 per cent). Positive cutaneous hyperesthe.sta 
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limited to the appendix triangle was present in 317 instances per 
cent). In all instances in which the skin signs were negatWe, a 
perforative or gangrenous appendicitis was found. Six individual 
cliarts, each covering a period of one year, show that the relative fre- 
quency of these signs and symptoms remains approximately the same. 

These results substantiate all conclusions previously reported from 
a much smaller number of records. In addition, it is found that this 
triangle is more frequently present than any other sign or symptom of 
acute appendicitis. 

Certain questions naturally arise in accepting these results ; among 
them, (1) Is this sign pathognomonic of appendicitis, or can it be 
produced by other conditions? (2) Why is it absent in certain cases 
of appendicitis? (3) Why should this sign prove to be more reliable 
than other signs of acute appendicitis? 

Not a Pathognomonic Sign . — ^Positive signs limited to the skin 
triangle have always, in our experience, signified some involvement of 
the appendix. This involvement might be classified as follows: 
(a) acute appendicitis ; (6) appendiceal colic, and (r) secondary involve- 
ment of the appendix. 

Acute Appendicitis . — The conclusion of Sherren that “cutaneous 
hyperalgesia is probably present at some time during all first attacks of 
appendicitis” is substantiated by the findings in the present study. Skin 
tenderness is, however, not always present at a single examination. The 
hyperesthesia depends on the integrity of certain nerve pathways and 
destruction of any portion of the nerve mechanism abolishes the sign. 
Such destruction may be local, focal or central. With necrosis of the 
appendix the sign disappears (a focal cause) : large doses of morphine 
prior to the examination may mask it (a central cause), and a burn or 
skin disease within the triangle renders the sign unreliable (a local 
cause). Barring interruptions of the nerve pathways, cutaneous 
hyperesthesia is uniformly present during the attack. 

The absence of the skin triangle in cases suspected of being acute 
appendicitis is of almost equal importance. In a previously reported 
series of sixty operations on patients clinically diagnosed as having 
acute appendicitis, eleven with negative skin signs (18 per cent) were 
found to have some other condition such as tubo-ovarian disease, acute 
nephrolithiasis, pulmonary tuberculosis, etc. Negative skin signs consti- 
tute grounds for unusual care. Unless perforation or gangrene of the 

appendix is present, it is probable that some other disease causes the 
symptoms. 

Appendiceal Co/fr.— Appendiceal colic will occasionally produce 
<lelnute localized cutaneous hyperesthesia in patients having no inflam- 
matory coiulition. A few patients have come under observation. havin.r 

* “o 
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abdominal pain and a. tender skin triangle but no fever, leukocytosis or 
.other evidence of inflammation. In these cases the symptoms were 
transient and no operation was performed. It has already, been demon- 
strated by. catheterization of the ureter and passing a bougie into an 
appendicDstomy wound that colic without inflammation can produce 
.viscerosensory phenomena. A tender appendix triangle, then, is no 
criterion for operation and this sign is to be carefully correlated with 
other diagnostic data. 

Secondary Involvement of the Appendix . — In certain instances in 
which this sign was positive, operation has revealed the primary 
pathology to be present in. some adjacent organ. In all such cases, 
however, the appendix also was definitely involved. For example, a 
tubo-ovarian mass with attachment to the appendix may eventually 
produce skin signs limited to the appendix area. A similar condition 
.might follow. the extension into the .appendix of an ulcerative enteritis. 
'.Neither tubo-ovarian disease alone nor enteritis alone nor any similar 
•.condition without simultaneous involvement of the appendix can, 
according to our experience, produce skin tenderness limited to the area 
within the appendix triangle described. It seems anatomically possible 
that other, portions of the intestinal tract, having a similar nerve supply, 
should give rise to skin tenderness and that this hyperesthesia would be 
limited to the area described, but in commenting on this very possibility 
Sherren wrote, “I have examined all the cases of abdominal disease 
which have come under my care at the London Hospital, and have 
never met with cutaneous hyperalgesia in other diseases of the intestinal 
tract from the duodenum downward.” Our observations have been 
identical. • No case has been observed in which the appendix triangle 
alone was hyperesthetic yet operation revealed an inflammation of some 
other abdominal organ, but no appendicitis. 

,Theoretical Considerations . — We are aware that this sign might 
theoretically be due to conditions other than appendiceal involvement. 
•For example, a case of herpes zoster of the tenth or eleventh right 
.•thoracic roots or a tuberculosis of the spine with pressure on these seg- 
ments might conceivably be responsible fpr similar skin tenderness. No 
such case has come under our observation: The one instance in which 
it was suspected that such a condition existed was that of a girl having 
Pott’s disease and recent abdominal pain, together, with skin signs limited 
to the appendix triangle (case 276). Operation was delayed twenty-four 
hours on the assumption that the abdominal signs- were due to the spinal 
disease, yet a subsequent laparotomy revealed a suppurative appendicitis. 
Were a case of this theoretical type encountered,- the complete exami- 
nation of the patient and the correlation of ail , data should leave little 
doubt as to the diagnosis. ■ > , 
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In conclusion, it is to be understood that this skin tenderness limited 
to the appendix triangle does not represent an infallible sign. It may 
be absent in certain cases with appendicitis (appendiceal perforation), 
and in certain rare instances it may be present when no inflammation of 
the appendix exists (appendiceal colic, herpes). To prevent its .appli- 
cation in any blind fashion, the factors that render this sign fallible 
have been stressed at some length. Yet few, indeed, are the instances 
in which this sign fails to indicate an acute inflammatory condition within 
the vermiform appendix. 

Most Reliable Evidence of Appendicitis . — ^There seems to be no 
100 per cent in physical diagnosis and the importance of various diag- 
nostic methods is relative. On this relative basis our records show that 
cutaneous hyperesthesia, elicited and localized as here described, 
deserves a high rating as a diagnostic aid. It is possible, without 
exceeding the bounds of brevity, to indicate certain reasons why this 
sign has proved more reliable than any other sign of acute appendicitis. 

Pain . — ^The following in its entirety is quoted from the classic work 
of Murphy 

In not a single case is pain absent as an initial symptom. The primary pain 
with a free appendix is always referred to the epigastrium. The secondary pain 
is usually not colicky but of the typical inflammatory type and due to periappen- 
diceal involvements. The pain in appendicitis may be referred to the various 
quadrants of the abdomen, depending on the change in the position of the appendix, 
either from a congenital or inflammatory malposition. The pain is often referred 
to the gallbladder region, to the epigastrium, the umbilicus, rectum or chest. 


A typical pain, originating at the umbilicus and localizing in the right 
lower quadrant greatly simplifies the diagnosis of acute appendicitis, yet 
is present in less than 75 per cent of cases. In the remaining 25 per cent 
the pain may similate any known abdominal condition and introduces the 
greatest element of confusion. 

In contrast, the tender skin triangle does not vary in location. 
Being dependent on a nerve pathway settled in embryologic life it is 
constant without regard to malpositions of the appendix. It is both an 
early and a late sign. It is present when the pain is still umbilical in 
location and outlasts all other signs, forming a definite physical finding 
of greater value than any vague pain history. Being an objective find- 
ing it is independent of the language or intelligence of the patient. 
This skin tenderness was found in all cases except those with gangrene 
or perforation, being present in 86 per cent of the series. 

Abdominal Tenderness.— 01 abdominal sensitiveness Murphy writes. 
"It is circumscribed in the area of the appendix, whether it be 


Appendix Vermiformis. Keen's Surgery, 
Phdadelpliia, W. B. Saunders Company, 4:750, 1908. 
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McBurney’s point, in the subhepatic space, or in the pelvis.” This is 
not to be confused with cutaneous hyperesthesia. The former signifies 
an early localized peritonitis; the latter a viscerosensory nerve phe- 
nomenon devoid of the variations of site characterizing point tenderness. 

Nausea and Vomiting . — ^These were observed in only 70 per cent of 
cases, actual vomiting in a far lower percentage of cases. As it occurs 
in most acute abdominal conditions, the value of vomiting as a single 
sign of appendicitis is slight. As a part of the classical picture of 
appendicitis, when present, it has considerable value; the absence of 
vomiting is not even presumptive proof of absence of appendicitis. 

Temperature . — Elevated temperature was observed in only 67 per 
cent of the hospital cases. It varies exceedingly during an attack. In 
many cases with a retroperitoneal appendix or a fulminating appendi- 
citis it is absent during the entire period of observation. Its presence 
in typhoid fever, pneumonia, pleurisy, influenza, cholecystitis, salpingitis 
and other diseases giving acute abdominal symptoms scarcely needs 
mention. 

Leukocytosis . — This is considered by most authors as merely of 
corroborative value. It was present in 76 per cent of cases. Leukocytic 
counts are subject to technical error, are often the cause of great delay, 
and by no means uniformly show elevation. Blood counts have a 
unique value in determining a suppurative peritonitis following perfora- 
tion or gangrene of the appendix when pain, skin tenderness, temperature 
and rigidity may or may not be present. Counts should be made in 
every case of suspected appendicitis, yet are often not made at the time 
when most needed. The evidence from skin signs is immediately 
available at the first bedside examination. 

Rigidity . — ^This sign, being dependent on definite nerve pathways, 
should theoretically be analogous in value to skin tenderness. To 
detect an early localized rigidity is, however, an art. Furthermore, 
rigidity varies with the site of the inflammation; may be absent in 
some cases of appendicitis, notably the retroperitoneal type, and in 
the majority of instances, when present, soon becomes generalized, 
thus losing its value as to localization. Localized rigidity was present 
in fewer instances than any other classical sign, being observed in 59 
per cent of the series. An invaluable inde.x pointing toward a surgical 
condition within the abdomen, its value as a single sign of appendicitis 
is inferior to that of cutaneous hyperesthesia, the history, deep tenderness 
and other diagnostic data. 

That cutaneous hyperesthesia limited to the skin triangle was found 
to be the most valuable single sign of acute appendicitis may be con- 
sidered due, in part, to its precise localization, explained on embryologic, 
anatomic and physiologic grounds ; to its early occurrence in the course 
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of the disease; its persistence after other signs have subsided; to the 
objective nature of the sign; to its experimental proof, through appendi- 
costomy tests, and to its clinical proof through the extended study of 
an impartial group of observers. The routine use of the skin triangle 
for appendicitis promises to introduce an element of greater certainty 
into the diagnosis of this common disease. 

CONCLUSIONS 

1. Although the study of cutaneous hyperesthesia in appendicitis is 
not new, skin tenderness has previously been considered of slight use 
in diagnosis. 

2. Recent work assigns an entirely new practical value to skin signs. 

3. This is based on (o) a new method of testing and (b) a new 
method of localbation. 

4. Strong grades of stimuli are necessary in eliciting skin signs. 

5. The hyperesthesia of use for diagnosis is limited to a skin 
triangle which has been mapped out through clinical observation and 
appendicostomy experiments. 

6. This sign was present in 86 per cent of over 400 patients with 
acute appendicitis. 

7 . In the present study, this sign, of positive cutaneous hyperesthesia 
limited to the appendix skin triangle, was found to be of more value 
than any other sign or symptom in the diagnosis of acute appendicitis. 



INTRAPELVIC ECTOPIC TESTIS COMBINED WITH 
ECTOPIA VESICAE, CONGENITAL UMBILICAL 
HERNIA AND ABNORMAL GALLBLADDER 

A RARE CASE * 

H. A. HARRIS, M.B., B.S. 

ST, LOUIS 

A primipara, who reported no unusual history, gave birth to. a 
male infant with extopia vesicae and a large umbilical hernia. The child 
died on the twenty-seventh day of inanition and bronchopneumonia. 
At necropsy the infant was markedly wasted, and there was a large 
tumor extending from the umbilical scar cranially to the epispadic glans 
penis caudally. The tumor was the size of a grapefruit and in its upper 
three-quarters was covered with thin skin and distended by coils of 
intestines. The lower portion of the tumor presented a dark red mass 
that was the posterior wall of the extroverted bladder from which urine 
had dribbled continuously. Between the area of thin skin and the area 
of bladder mucous membrane was a narrow crescentic zone of pinkish 
epithelium that showed a fine wartlike proliferation and excoriation. 
The left testis was visible as a subcutaneous swelling in the groin, but 
there was no trace of the right testis on inspection or palpation; the 
right scrotal sac was not formed. 

A roentgenogram of the cadaver (fig. 1) displayed marked 
gastroschisis, the two pubic bones being separated by a very wide 
interval, as the left pubic bone lay anterior to the hip joint and the 
right pubic bone lay lateral to the right hip joint. Both bones had 
undergone rotation as well as lateral displacement. The ischia were 
also separated to a marked extent so as to give a roomy pelvis. 

The thorax displayed a marked shrinkage of the thymus gland; 
the maximum leng^th thereof was 1 cm. and the width 0.5 cm. Exten- 
sive areas of bronchopneumonia were seen in the lungs. The heart was 
normal from the anatomic point of view and the ductus arteriosus was 
completely closed. The abdomen was opened by an incision along the 
costal margins and midaxillary lines so that a large flap of abdominal 
wall could be turned down. The coils of intestine were disposed on 
either side of a long drawn out mesentery which ran from the great 
curvature of the stomach to the ringlike opening of the umbilical sac. 
To the right of this mesentery were arranged coils of ileum and to the 
left was the colon. The umbilical opening was 4 cm, in diameter and 

* From the Institute of Anatomy, University College, London, and Washington 
University iledical School. 
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was limited on either side by the obliterated umbilical arteries which ran 
to the umbilical scar at the cranial margin of the umbilical ring. The 
distended coils of intestine were with difficulty dislodged from the sac, 
and there was no trace of adhesive peritonitis, but the mesentry was 
fused with the wall of the sac in. the angle formed by the fusion of the 
umbilical arteries. There was no trace of a Meckel’s diverticulum or of 
vitelline arteries. On careful examination the mesentery above described 
as extending from the great curvature of the stomach to the sac was 
seen to be continued along the ascending colon to the cecum and appendix, 
which occupied the most distal portion of the sac. When this was 
displaced to the left, the mesentery of the small intestine was seen to be 
continued within the sac with its contained branches of the superior 
mesenteric artery. Approximately one half of the ileum and one third 
of the colon occupied the sac (fig. 2). 
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cystic duct passed to the right and then made a hairpin bend whereby the 
gallbladder was displaced from the normal fossa and occupied a hori- 
zontal position behind the falciform ligament with its fundus 2 cm. to 
the left of the middle line, between the anterior aspect of the stomach 
and the left lobe of the liver (fig. 2). The terminal portion of the 
cystic duct and the proximal portion of the gallbladder were attached 



Fig. 2. — Dissection of the contents of the abdomen and hernial sac, the neck 
of which is marked by a circle at R. 

by a mesentery to the site of the normal fossa for the gallbladder. 
This fossa had a deep fissure which coursed downward and forward 
to cut the inferior margin of the liver 2.5 cm. to the right of the falci- 
form ligament. To the right of this fissure was an accessory lobe of 
the liver which was biconvex in shape and suspended by its margin 
from the lateral lip of the fissure, no mesentery intervening. 
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The portion of the colon proximal to the neck of the sac was sepa- 
rated from the pyloric vestibule by a distance of 3 cm. which was 
bridged across by a “duodenocolic” ligament which had maintained the 
colic angle in close relationship to the pylorus and first part of the 
duodenum. From this colic angle the colon passed to the left to form 
a well marked splenic flexure in relation to the sustentaculum lienis. The 
descending colon lay anterolateral to the left kidney, and its mesentery 
was so well developed that a large peritoneal fossa lay between the 


U 



!%• 3. — Ectopia vesicae: U. umbilicus; -V, neck of sac; P, periphery of sac; 
Vr, ureter, and G, glans periis witli epispadias. 

mesocolon and left colic branch of the inferior mesenteric artery 
anteriorly and the left kidney posteriorly. The sigmoid colon was of 
average length, had a well marked mesentery, and lay almost entirely in 
the true pelvis. 

'Ihe bladder displayed the typical features of ectopia vesicae and 
epispadias, the openings of the ureters, ejaculatory tlucts and prosiatic 
ducts presenting no marked deijanure from the classicid description 
(fig. 3). 
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The right testis was situated in the true pelvis at the site of tl 
mal adult ovarian fossa. The testicular vessels coursed do\\ 
over the brim of the true pelvis crossing the external iliac artery 
to the ureter and coming to lie to the inner side thereof — a p 
closely resembling that of the infundibulo-pelvic ligament in th< 



Fig. 4. — The ectopic iiitrapelvic testis on the right side; V. D., vas de 
V. S., seminal vesicles ; U., ureter, and T. V., testicular vessels. 


female. In the illustration (fig. 4) the testis is raised out of th 
pelvis in order to show its attachments. The true caudal poL 
superior and lateral and the true cranial pole was medial and in; 
The testicular artery is shown dividing at the true caudal pole. 

___ ^ a. 
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amount of fat, the caput being inferior anci the tail superior; the fat 
formed a well defined lobule around the caput. The vas deferens lay 
distal and parallel to the ureter and the seminal vesicle touched its fellow 
in the midline posterior to the extroverted bladder. The gubernacuUim 
was attached to the caudal pole of the testis at a point that lay slightly 
medial and inferior to the ureter. This point (fig. 4) is displaced some- 
what as the testis had to be raised from the true pelvis in order to bring 
it into view. From the true caudal pole of the testis a fold of peritoneum 
spread outward and upward into the false pelvis in front of the guber- 
naculum and lay between the coils of ileum in the right iliac fossa. The 
gubernaculum entered the internal abdominal ring and its fibers could 
be traced to the skin of the groin, to the intramuscular connective 
tissue of the abdominal muscles, but not to the scrotum or perineum. 

UMBILICAL HERXIA AXD ECTOPIA VESICAE 

Frazer and Robbins ‘ have described in detail the various phases of 
the normal physiologic umbilical hernia which appears in the human 
embiyo at the fourth week and persists to about the thirteenth week. 
About the tenth week they ' describe the process of rotation of the 
intestine which gives to the adult human being its typical conformation 
as a result of the reentrant coils of small intestine returning before the 
colon and passing to the left beneath the mesenteric vessels and umbilical 
colon. Several cases of nonrotation and malrotation have lieen described 
in detail by Dott,* who maintains that ‘failure of rotation up to this 
stage occurs in connection with e-xtroversion of the bladder.” 'J'he 
jiersistcnce of the colic angle and duodenocolic ligament al.so characterizes 
this type of case. 

In what manner can the umbilical hernia and ectopia vesicae be 
correlated? At the beginning of the third month in an embryo of 30 mm. 
Bryce® has .shown that the pubic bones arc represented by two small 
nodules of cartilage which lie rc.spectively right and left of the pars 
urethnilis of the urogenital sinus (fig. 5). The pubes are characterized 
by a late api>earance in cartilage, slow growth and a late date of ossifica- 
tion at the si.xth month. Parallel to this slow growth and differentiation 
of the pubic bones we have a late differentiation of the wall of the 
bladder. The first mu.^culalure to appear in the wall of the bladder is the 
longitudinal muscle which ajtpears toward the end of the second month at 
the 22.5 nun. stage. This layer is always more di.->iinctly devek>{)ed on 
the dorsal aspect than on the ventral aspect and may often be entirely 

1. It.'jzit, J. K., aiiii R. II.; On tlje I'.'jctKr'. C'xiiCcre.cd in 

Ui*Laiiin tii the Inicstiiu* in Man, J. .\n.'ii. A- Pln.iul 50:75-110. 1015-l';lr,. 

2 Di.u, X. .M : *it lntc'tir..>l Ri.jjti-'ii, IJrit. J. H:'^l 

(Oct.l lOil 

.4 IJrycc, T 11 • Onain’N .Xnati-niy, 
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wanting ventrally, according to Felix,'* The inner layer of circular 
musculature appears when the embryo reaches the 26 mm. stage and the 
internal longitudinal layer, which rapidly assumed an oblique character, 
does not appear until the 60 mm. stage. This late differentiation of the 
pubic bones and of the musculature of the bladder is also associated 
with a late date of formation of the portion of the abdominal wall 
between the umbilicus and the pubes. The large umbilical opening in 
the embryo of 20 mm. is of such a size that the two recti are separated 
by a very wide gap, and the caudal limit of the hernial opening is 
very near to the cloacal tubercle which is developed into the genital 
tubercle and phallus. This portion of the anterior abdominal wall is of 
a short length and lies in a plane that is almost horizontal. At the 
twelfth week the return of the intestine from the extra-embryonic celom 
to the abdominal cavity proper, consequent on a relative decrease in the 




Fig. 5. — Testis of human embryo of 30 ram. at beginning of third month (after 
T. H. Bryce) ; the urethra is shown between the pubic cartilages, P; posteriorly 
lie the urogenital sinus and rectum. 

rate of growth of the liver,* causes a rapid growth in this portion of 
the anterior abdominal wall and a change in its position from the hori- 
zontal to the definitive vertical position. At the same time the recti 
approach the middle line and rapidly reduce the large opening of the 
umbilical hernia. The late growth, differentiation and change of posi- 
tion of the lower half of the anterior abdominal wall proceeds very 
rapidly after the thirteenth week and there are no traces therein of the 
tendinous lineae transversae which characterize the upper half of the 
rectus sheath. It is suggested that the delay in the development of the 
pubes, in the lower half of the anterior abdominal wall and in the 
musculature of the bladder, is due to the coe.xistence of the normal 
physiologic hernia, and that further the return of the intestine to the 
abdominal cavity is the decisive factor in determining the late but rapid 
growth and differentiation of these structures. 


•1. \V. : Kcibcl an Mall’s Embryology 2:880, 1912. 
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THE ECTOPIC TESTIS 

Since Hunter described the gubernaculuin testis it has been lield that 
the ectopic testis could be found wherever the gubemaculutn testis 
obtained a partial attachment. The gubernaculuin may be regarded as 
a four tailed ribbon with attachments to the interstitial connective tissue 
of the anterolateral abdominal muscles in the neighborhood of the internal 
abdominal ring, to the subcutaneous tissue of Scarpa's triangle, to the 
subcutaneous tissue of the perineum and lastly to the scrotum. In 
each of these situations the testis may be found. An ectopic testis in 
the true pelvis, as found in this case, is a rare anomaly and it is difficult 
to account for its atypical ^xisition and attachments. Apparently the 
testis has descended into the true pelvis not only by an actual internal 
descent but also by a rotation through an angle of ISO degrees about an 
anterioposterior axis whereby the true caudal jxilc has remained anchored 
to the gubernaculum while the tnie cranial pole anti caput epididymis 
have descended into the true pelvis. 

Felix, in his account of the external descent of the testis, after 
stressing the absence of an internal descent, says that the testis is 
brought away from the posterior abdominal wall to gain attachment to 
the anterior abdominal wall by the development of two new structures, 
and this notwithstanding the increase in the sagittal diameter of the 
body cavity consequent on the return of the umbilical intestine to the 
body cavity. The first process to form is the Uujiiiml crest, an out- 
growth of the anterolateral wall of the abdomen, which grows back as 
a ridgelike fold in the sagittal plane. The second is the iiiyuiitul fold, 
a thick fold of the mesonephros, which is covered with a thickened 
epithelium and filled with a .somewhat more compact mesenchyme. The 
upper third of the inguinal crest lies opposite the inguinal fold; in this 
upper third of the inguinal crest a thickening of the mesenchyme 
develops, and spindle shapetl cells appear and form bundles tliat run 
in a horizontal direction from the crest toward the integument. The 
inguin.al fokl and the upper tliird of the inguinal crest fuse and thereby 
the connection between the mesonephric fold and the anterior abdominal 
wall is accomplished at the 26 mm. stage. Thus the testis is connected 
with the anterior alxlominal wall: (I ) by its mesorchium or the epigonal 
]>oriu>n of the genital told; (2) by the plic:i mesonephridica ; (3) by the 
plica inguinalis. and (4) by the cri>ta inguinalis. 

Within this fold is formed, in four di.stinct icirts, a cord of c(/m- 
pact spindle shaped cells, the chorda gubernaculi of Hunter. This cord 
is clearly diltereiuiated before the recti have met in the middle line bv 
the rajjid growth of the ;mteri(»r .abdominal wall between the umljilicu'. 
and the pubes conse«iUeiu itii the return of the inte.»tine and closure of 
li e umbilical hernia. It i.» .'Ugge-ted that in the present CU'C. the wide 




HARRIS-VISCERAL ABXORM'A.LfTIES 


653 


liver is not secondarily displaced into the hernial sac. but is situated there 
from the first. The so-called “adhesion” of the liver to the wall of the 
sac is not the result of inflammatory action, but is due to the union of the 
liver with the abdominal wall, and to the fact that the separation of the 
two has been imperfect. The primitive liver bud grows forward from 
the junction of the foregut and yolk sac in tlie ventral ineseittery until 
it fuses with the septum transversum. At a later stage this fusion or 
“adhesion” has to be broken down so that the liver is freed from the 
anterior abdominal wall and from the septum transversum anteriorly and 
superiorly. In this process of fusion and subsequent breaking away, 
accessory lobes can be formed and in those cases of persistent umbilical 
hernia in which the liver becomes involved in the hernia the formation of 
accessory “traction” lobes will be more marked. Those lobes which have 
the typical arrangement of four vessels, i. e., hepatic artery and vein, 
portal vein and bile duct, will tend to persist. If the traction produces 
obliteration of the lumen of any or all of these vessels, then the accessory 
lobe will atrophy. 

The gallbladder is but rarely seen with a mesentery attached thereto 
in children. In adults, and in the aged in particular, a short mesentery is 
.sometimes seen; very frequently it is the result of the traction of an 
overdistended gallbladder or of recurrent attacks of local peritonitis. 
Jacquemet*'* has described this mesentery and its frequency has been 
given as varying from 5 jxir cent to 0.5 per cent of cases. From the point 
of view of comparative anatomy it is interesting to note that no general 
princijjle of develoinnent has succeeded in correlating the fissures and 
lobes of the liver, the attachment of the gallbladder with or without a 
mesentery and the relative size and development of the various parts of 
the alimentary canal, I lis," Ingalls.*- Bradley and Lewis have studied 
the influence of the omphalomesenteric an<l umbilical veins in tletermiu- 
ing the lobulation of the liver. In {Kirticular Mali’s *' description of the 
primitive si.\ lobules of the liver has been studied, but as yet they have 
not been .shown conclusively to be the equivalent of the si.v lobes of the 
typical mammalian liver. It is sugge.sted that the normal change over 
from a jirimitive liver biul in a.ssociation with one or both omphalo- 
mesenteric veins lo the later fetal liver in as.sociation with the umbilical 
veins and later with the left umhilicjil vein only, together with the changes 


Itl. JaC'iucmvt, M.; Consiticrauuns Mir U-s liu ct tlt-s vuii-i 
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taking place in the normal physiologic umbilical hernia, may yield the 
answer to this puzzling question. In persistent cases of umbilical hernia 
containing portions of liver the persistence of the omphalomesenteric 
veins has been described. Serial sections of various embryos are at 
present being studied from this point of view in order to ascertain if the 
physiologic umbilical hernia in association with the omphalomesenteric- 
umbilical complex has any effect thereon. 

The abnormal position of the fundus of the gallbladder in the case 
discussed should be noted as a possible cause of an atypical clinical pic- 
ture. Now that the cholecystogfraphic method of Graham is being 
extensively used for lesions of the gallbladder, every atypical position of 
this viscus has acquired an added interest. 

CONCLUSION 

This infant presented a combination of anomalies characterized by 
the absence of those associated deformities of early embryonic life which 
involved the nervous, skeletal and circulatory systems. It is in such a 
case that we see the value of the conception of the “space-for-time” 
division of antenatal pathology which we owe to Jonathan Hutchinson 
and Ballantyne.^® The life of this individual seems to have been normal 
during the embryonic period of the first t\vo months. The anomalies 
crept in during the neofetal period of the third month, leading to per- 
sistent umbilical hernia, ectopia vesicae, ectopia testis and minor irregu- 
larities of the liver. This period, the third month, is devoted in particular 
to the definite establishment of the placental regimen and to the sur- 
render of the vitelline circulation. The frequency of abortion during the 
third month is a well known clinical fact and a failure of effective 
placental connections is almost certainly associated therewith. For this 
reason a plea is made for the routine histologic examination of all 
placentae from abortions of the third month with a view to eliciting the 
pathology thereof at a time when the activity of the layer of Langhans 
and of the syncytium is at a maximum. 

15. Graham, E. A.; Cole, W. H. ; iloore, S., and Gopher, G. H. : Cholecys- 
tography: Oral Administration of Sodium Tetraiodophenolphthalein, J. A. M. A. 
85:953-955 (Sept. 26) 1925. 

16. Ballantyne, J. W. : .Antenatal Pathology and Hygiene 1:6, 1902. 



THE USE OF FASCIA FOR THE REENFORCE.MENT 
OF. RELAXED JOINTS ♦ 

GEORGE E. BENNETT, M.D. 

BALTIMORE 


RELAXATIONS OF THE KNEE JOINT 


During the last few. years serious thought has been given to the 
treatment of relaxed knee joints and many operations have been devel- 
oped for the reconstruction of the crucial ligaments, most popular of 
which are those described by Hey Groves, Smith and Gallic. These 
procedures have been used with success in the type of disability for 
which they were designed, namely, the extremely relaxed knee joint, 
resulting from a complete rupture of one or both crucials plus a general 
relaxation of the capsule. The disability in these cases is so great that 
the patient is unable to use the member for the ordinaiy- functions of 
civil life. 

In contrast to this type there exists among young, active atliletcs 
a type of rela,\ed knee that performs the normal functions of civil life 
but which does not permit the individual to participate in active, rugged 
athletic pursuits. It is this type of disability to which our attention has 
been directed and to which the described operation is applicable. The 
common internal derangement of the knee is usually treated with pre- 
cision. So much has been written on this subject that the medical 
profession at large is thoroughly familiar with the -sign-s, .symjitoms 
and treatment of injury to the semilunar cartilage, loose bodies, etc. 

For a number of years the crucial ligament injuries have been 
stressed, and e.xhaustivc physiologic and anatomic studies have been 
made with the result that the actual innx>riance of this ligament has, 
in a way, been overestimated. It has nut been so long ago that we 
were letl to beliew that a completely severed crucial ligament was 
irreparable and resulted in a complete ilisability of the leg. Careful 
clinical observations and explorations of the knee have shown that the 
anterior crucial ligament may be completely severed and vet we will 
still have a fairly stable knee jtiint, provided the other ligaments, par- 
ticularly the internal lateral !ig:unent, arc intact. 

A stretchetl, attenuated or torn anterior crucial ligament gives a 
disability that is troublesome to the athlete. It permits an outwanl 
rotation of the libi;; and an increa-e in the abduction of tb.e tibia when 
the leg is in a seinillexed po^iIion. It. therefore, explain", tb.e p-eudo- 


* Fn sn iho ik-jurir-ut-.t ..i ^ur,.;lry, j. H. -jiUj]. 
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locking (or slipping out) of the knee of which the athlete complains 
when he attempts to turn suddenly with the leg slightly flexed and the 
thigh adducted. 

The operation I am going to describe is designed to reenforce the 
capsule of the joint in a way that will help to sustain the leg when it is 
in this position and is like a substitute for the anterior crucial ligament. 



Fig. 1. — Overlapping plication of capsule and fascia. 


Briefly stated, the patient gives a history of a major injury of a 
twisting nature and a total disability for several weeks, following which 
there is good function and no symptoms except when a sudden strain 
is put on the leg when it is slightly flexed. The slipping of the knee 
occurs with an increasing frequency but is not associated with as much 
disability as with the initial injury. During the last four years we 
have operated on eight young adults who presented this type of dis- 
ability. Sufficient time has elapsed in six of the cases to judge the 
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strips of fascia to the plication of the capsule reenforcement of the 
lateral border of the internal lateral ligament, as shown in figure 3. 
Thus we have reenforced the internal surface of the knee joint in a 
way that we feel supports the knee when the tibia is in a position of 
slight abduction and partial flexion. We did not use the patella splitting 
incision as we wished to use our exploratory incision in the plication. 



Fig. 3. — Plication and reinforcement completed. 


POSTOPERATIVE TRE.-VTMENT 

From four to six weeks in a plaster-of -pan’s cast is followed by 
gradual exercise and development of the quadriceps and the hamstring 
group of muscles. 

REPORT OF CASE 

C.\SE 1. — ^T. S., a man, aged 26, ten days before e.xamination while playing 
soccer wrenched the right knee. He was immediately disabled, being unable to 
e.xtend the knee within 10 degrees of full fle.xion. 
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The knee was acutely swollen with an inability to extend it fully. There was 
no sensitiveness about the internal semilunar cartilage. Exploration of the Joint, 
May 11, 1922, disclosed a torn anterior crucial ligament with frayed pieces wedged 
between the tibia and the femur, preventing the leg from being fully extended. 
These were removed. The internal semilunar ligament was normal and therefore 
was not removed. Closure was made by an overlapping plication of the ligaments 
and fascia. The leg was immobilized in plaster-of-paris for one month. 

In the fall of 1922 this young man was captain of his college soccer 
team, and was elected a member of the All-American Soccer Team. In 
1923 he continued to play soccer and was elected captain of the All- 
American Soccer Team, There can be no question as to the end-result 
in this case. 

Case 2.— A. B, S., a man, aged 23, was admitted to the hospital, May 23, 1923. 
In 1921, while playing football, he suddenly twisted his knee, and this was fol- 
lowed by complete disability. He was unable to continue in football during that 
year. In 1922 he began to have a continued slipping of the knee joint when 
attempting to turn or throw any weight on the leg while in a partially flexed 
or slightly adducted position. As he would express it, his knee would slip out 
and snap back. There was no locking, but there was considerable pain followed 
by swelling. 

There was no tenderness about the internal semilunar cartilage. There was a 
moderate relaxation of the knee joint with an ability to slide the tibia forward on 
the femur. Little increase in lateral motility was noted. 

An exploratory operation was performed. The internal semilunar cartilage 
was normal. The crucial ligament was frayed and stretched, being about one-half 
its normal size. Several loose pieces of frayed ligament were removed ; a plication 
of the capsule closure was made. 

This young man was captain of his college football team and played 
throughout the entire season of 1923 with no inconvenience so far as 
his knee was concerned. There can be no question as to the end-result 
of a functional return in this case. 

Case 3.— J. W., a man, aged 20, was first seen Nov. 8, 1923, giving a history 
of having sustained a twisting injury to his knee eight months before. This was 
followed by complete disability, which lasted for about three weeks. After that 
time he was greatly inconvenienced by the knee slipping when the leg would be in 
a position of partial flexion and the tibia abducted on the femur. He never had 
any locking. He was admitted to the hospital, Nov. 11, 1923, and an exploratory 
mcision was made. There was a torn anterior crucial ligament; frayed sections 
were removed. The internal semilofur cartilage was normal. A plication closure 
was made. The leg was immobilized in a cast for six weeks following the 
operation. 


We tvere utiable to get a reixjrt from this i^atient at the present 
time. However, one year after the oi)eraiion he was able to indulge in 
athletic exercise and cotild i)l;iy b.'i.sket-ball witliout any di.scomfortr 
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Case 4. — \V. E. M., a man, aged 21, was first seen July 24, 1923, giving a 
history of having sustained a twisting injury to his knee in 1920. This was 
followed by complete disability for several weeks. He was unable to play basket- 
ball or baseball. He had had continuous trouble of pseudolocking of the knee 
after that time. Physical examination showed an ability to slide the tibia forward 
on the femur. An exploratory operation was performed on the knee, Jan. 29, 1924. 
The anterior crucial ligament was torn. The internal semilunar cartilage was 
normal, and was not removed. Plication and reenforcement of the lateral liga- 
ment were done. The leg was in a plaster cast until March 6, 1925. 

The patient reports that last winter he played eighteen games of 
basket-ball with absolutely no inconvenience to the knee. He is also 
able to engage in active, rugged exercise, such as baseball. 

Case 5.— B. H. M., a boy, aged 17 years, was first seen Nov. 8, 1924, giving a 
history of having sustained an injury to his knee two weeks before. Examination 
showed considerable synovitis with an increase in fluid, tenderness about the 
internal lateral ligament and marked relaxation of the knee joint. There was a 
great deal of pain on movement. The leg was immobilized in a position of 15 
degrees short of full flexion for a period 'of four weeks. Following this a knee 
cage was applied and was used for several months. March 20, 1925, the patient 
reported that he was unable to engage in athletics, even with the use of the knee 
cage. Exploration, March 22, 1925, showed a complete rupture of the anterior 
crucial ligament with a very movable semilunar cartilage. The cartilage and 
frayed pieces of crucial ligament were removed. The capsule was plicated. The 
leg was immobilized for a period of four weeks following operation, after which 
the knee cage was reapplied. 

This young man has been unable to engage in his favorite sport 
of football as the knee still continues to give him trouble. It is inter- 
esting to note that this was the case in which the cartilage was removed, 
and is the only case in which we failed to get a perfectly satisfactory 
result. 

Case 6. — T. T., a man, aged 21, was first seen after a football injury in the fall 
of 1921, having sustained a severe wrench of the knee associated with swelling and 
complete disability. Diagnosis of a torn crucial ligament was made and suitable 
immobilization was instituted for a period of six weeks, following which a knee 
cage was applied. With the use of the knee cage the patient was able to play 
football during the following season. Since that time he had had an increasing 
disability and slipping of the knee so that he was unable to indulge in any 
rugged athletics or do the ordinary things of civil life without inconvenience. 

Physical e.xamination showed that the patient had an ability to slide the tibia 
forward on the femur, and a considerable amount of lateral mobility of the knee. 
An exploratory operation was performed on the knee, June 9, 1925, which showed 
the anterior crucial ligament to be frayed and relaxed. The cartilage was nor- 
mal. Plication of the capsule and reinforcement with fascia were done. 

The patient reported, April 12, 1926, that he was able to run, play 
baseball, and was in training as a member of his crew at his university. 
During the last year he was also able to do fancy dancing without any 
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inconvenience. There is no evidence of any relaxation of the knee joint 
at the present time. 

We believe that the six cases that we have reported have been done 
over a sufficient period of time to allow us to judge the end-results, five 
of the six having been unqualified successes, what seems to be a per- 
fectly normal knee being restored to the athlete. I feel that the proce- 
dure is a satisfactory one in well selected cases. I do not advocate the 
use of this operation until all conservative treatment has failed. 

I have also found strips of fascia useful in the repair of radio-ulnar 
relaxations and recurrent dislocations of the sternoclavicular articula- 
tion. The objection to the use of fascia in the latter case is that it 
produces quite a marked deformity from the mass of soft material and 
is, therefore, not advisable in female patients in whom personal appear- 
ance is to be considered. 

RECURRENT DISLOCATION OF THE SHOULDER 

There is perhaps no common joint disability that has to its credit 
more types of operations for its cure than recurrent dislocation of the 
shoulder. One naturally concludes that the ideal operation has not been 
described or there would be no need for so many surgical procedures : 
muscleplasties, capsulorraphies, bone grafts and fascial transplants. It 
is not my desire to review the volumes of literature and truly construc- 
tive work that has been done on this subject, but to cast my lot with 
those who feel that the solution of a cure for recurrent dislocation of 
the shoulder will probably be found in the properly placed check liga- 
ment between the scapula and the humerus. 

It is interesting to note that there has been a constantly increasing 
tendency of surgeons to resort to this type of procedure, Joseph, Rich, 
Gibson, Loeffler, Plummer, Potts, Wiilfing and Hoke all reporting suc- 
cessful cases. The operations done by these men vary from the fixing 
of the head and tuberosity of the humerus to the acromion process by 
bands of fascia to fixing the anterior capsule to the acromion process 
by the same material. The principle of the latter procedure is to give a 
check ligament that will prevent the head of the humerus from sliding 
forward when the arm is in abduction and displaced slightly backward. 

The operation we describe is essentially the same as that <lescribed 
by Plummer and Potts, having to our fancy two additional advantages. 
First, it shortens the relaxed capsule, and, second, we think it is a more 
simplified technic. 

UESCKIl'TIOX OF OPER.VTIO.X 

Ihe shoulder joint is approached through the anterior incision 
extending from the acrojnion process downward, separating the fibers 
of the deltoid and exposing the anterior and inieruir part of the capsule. 
The tendon tu' the long head of the biceps is uientifietl and acts as a 
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guide to the line of fascial sutures. A strip of fascia is taken from the 
tensor fascia femoris and fixed to the Gallie type of needle, according to 
technic described by him. The arm is externally rotated to permit 
suturing as far forward as possible, and the fascia is laced into the 
capsule, as shown in figure 4. The capsule is then drawn taut, as 
shown in figure 5, and the lacing fixed firmly to the capsule by chromic 
catgut sutures. The fascia is then passed through the tip of the 



Fig. 4. — Fascia laced into relaxed capsule. 


acromion process, either by a needle or by drilling a hole through the 
process, fixed at this point and again reattached to the anterior part of 
the capsule. Usually it is brought to a lower position than is shown in 
the accompanying illustration. 

By this transplant and suture we have taken a slack from the anterior 
capsule and established a ligament extending from the acromion to the 
anterior capsule. The subscapular tendon may be included. We 
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believe that a ligament in this position reenforces the capsule in a way 
that prevents an anterior dislocation of the shoulder. 

The arm is immobilized in a Velpeau type of bandage for a period of 
four weeks, after which gradual use is begun. 

Case 7.— W, O., a man, aged 20, approximately six months before examina- 
tion dislocated his shoulder. He continued to play football during that season 
with the arm fixed to the side by an apparatus. In spite of this he had several 



big. 5. — Relaxed capsule drawn taut and fixed; fascia inserted into acromion 
and reattached to capsule. 


dislocations and was unable to indulge in any athletic sports that refjuired the use 
of the arm. He presente<l a typical history attd clinical picture of a recurrent 
anterior dislocation of the shoulder. 

The oiteration <iescriU-ii ab<.ive was performed, Feb. 20, 1925, aiul the arm 
was iminobilired in a \ elpeau bandage ftir four weeks. Cradually e.xercise was 
taken. During the jea^.n of l'>2.s he played tootb.dl on his college team without 
h;iving no difsiculty with tlie shoulder. .-\t present he states that lie 
o>*is not realire that he ever lud any trouble with liis sb-ulder. 
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lower level of the glenoid. An operation was performed, June 24, 1925. The 
horseshoe incision was made directly over tlte shoulder, the deltoid was retracted, 
the capsule was reinforced anteriorly, fascia being carried through the acromion; 
a similar procedure was applied to the posterior part of the capsule. The arm 
was immobilized in a Velpeau bandage for four weeks, followed by active exercise. 
April 2, 1926, the patient reported that he felt no discomfort in the shoulder, that 
he was engaging in active athletics, and could for the first time play baseball 
with boys of his age. 

Case 10. — W., a woman, aged 21, June 6, 1924, dislocated her right 
shoulder while pushing a piano. Since that time she had had six dislocations. 
She became so apprehensive that she scarcely used the arm at all. She was 
operated on Aug. 28, 1925, and reported April 2, 1926, that the arm gave her 
absolutely no concern. 



UTILIZATION OF SKIN-MUSCLE PEDICLED FLAP 
IN OPERATION FOR LUNG ABSCESS 

PRELIMINARY REPORT* 

ETHAN FLAGG BUTLER, M.D. 

SAYRE, PA. 

In the descriptions that follow it will be easy to perceive the 
influence of Schede and Estlander, of Lockwood, Keller and Graham, 
for there is nothing new in large square or oval flaps when operating 
on the thoracic cavity, nor is there anything new in leaving skin edges 
unsutured after operations on infected areas. However, in the litera- 
ture dealing with lung abscess, there have been discovered no references 
to the purposeful creation of a large skin-muscle pedicled flap, with 
the predetermined intent of suturing it to the chest wall, wide open, 
muscle side exposed, once the abscess cavity has been fairly opened, 
and so leaving it for four or five weeks, until secondary suture can be 
safely carried out. Such a procedure has given satisfactory results in 
a small series of cases, and therefore a preliminary report is now 
submitted. 

Operation for lung abscess is far from being standardized. It is 
conceivable that never will it be fully standardized. There are many 
factors that make it a difficult subject to reduce to simple, definite 
statements. Even before electing a surgical policy the relative merits 
of postural drainage and of bronchoscopic treatment must be weighed. 
If surgery is decided on a host of variables is at once introduced. The 
anatomy of the anterior chest wall differs from that of the posterior 
chest wall. The approach to apex differs from the approach to base. 
I he accessibility of the axilla is easy and the accessibility of the medi- 
astinum is difficult. Fistulas are a source of trouble in one case and 
a safety device in another case. One abscess is at the periphery and 
another is deep withiti the substance of a lobe. 

One of the greatest obstacles in the surgical care of lung abscess 
's inadequate access to the diseased tissue. The operative wound is, 

a rule, too small to permit the complete mastery over the situation 
that must be exercised if the best results are to be attained. Further- 
more, \\hatever is done under direct visual control is better done than that 

touch. Throughout modern literature on 
^ decided trend in favor of greater accuracy of 
— more elaborate treatment of the lung tissue, even at the 

• Fr,™ 

■lor. the Xetv York Society for Thoracic Surgery, March 23. 1926. 
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expense of anatomic structures. The creation of a large opening in the 
chest wall helps to offset the difficulties that have just been mentioned. 

Gradually, at the Robert Packer Hospital (Guthrie Clinic), a more 
and more radical operative policy has been employed in cases of lung 
abscess submitted to surgical treatment. Adequate access and constant 



Fig. 1 (stage 1). — Preliminary incision showing relatively large size of flap; 
in this case the vascular hinge is at the superior border of the flap; it might 
equally well be placed at the posterior border. 

visual control are the dominant concepts. The open flap and a radical 
attack on the chest wall are the tactical expressions of the determined 
strateg>'. Such an operation is best divided into stages. The history 
of the flap can be clearly traced through the several stages. 



butler— LUSG ABSCESS 

STAGES OF OPERATION 

Slaac 1— The location and extent of dise^ed tissue is detenraned 
as accurately as possible by physical examination and roentgenograms. 

Aspiration Is preferably omitted. It is a 

cases of lung abscess. If pleural adhesions are preset, htt e harm “n 
lie done. If adhesions are not present, there is serious risk of soihn„ 
the pleural cavity. The outlines of the flap are marked on the skm, 
roughly square, one side to remain as hinge and source of blood supply, 
the other three sides to be incised freely to the chest waU proper. Such 



I'i'b. 2 (btaxe 1).— Flap turned up showing fibers of serratus and latissimus 
tlurbi; ribs exptiscti and lower two resected. 


a ihji can best be utilized in the lower lialf of the chest; it is not so 
citnvenient for upper lobe approach, either anteriorly or posteriorly. 
The dap is laid wide open, immediately e.xposing the ribs and the inter- 
co>ial siruciure.s. Subperiosteal resection of the exposed ribs, as many 
as may be neces.sary, is accomplished. The intercostal arteries, nerves 
autl veins are ligated en masse at each rib stump. Through each 
perK.bUal .sheath a small incision is made leading into the pleural 
c.t\ny, and a finger tlj) is introduced to determine the presence or 
al-rncc Ot ad};e.s!ons. If no adhesions exist the lung is sutured to the 


ri/rc OF 

ARCHIV^^ 0 pneumothorax- 

i, exercised to prevent pressure. 

Drainnge may or ;;; ' 



„r absMire drainage has 

stealh. „„euniothotax, drau g 


>r drainage has prcfet- 

shealh. • . risk of P"'""®*" 

do not exist, and there » apparently he 

ahly “;"'“^he side to serve as the ^"8= Uinge may 

Aetna, experienee has 
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and other structures of the chest wall, together with the parietal pleura, 
are removed en masse, as in the Schede operation. The diseased lung 
is immediately beneath the eyes and hands of the surgeon. If adhesions 
are weak, or air is sucking around the edges of the chest -wall defect, 
the flap may again be replaced for a period of one. or two .days before 
proceeding. Otherwise, the point of easiest access to the abscess 
cavity is determined by sight, palpation or needle, now fairly permis- 
sible for the first time, and an opening made boldly into the abscess 



Fig. 5 (stage 2). — ^Flap reopened; soft structures and chest wall having been 
c.\ciscd, the abscess area is located by sight, palpation or exploratory puncture. 

cavity by blunt scissors, cautery, knife or trocar cannula. The opening 
is enlarged to a sufficient degree and packed wide open. The wound 
edges are protected with strips of petrolatum gauze. The flap is 
sutured wide open, muscle side exposed, and is so left until the lung 
tissue is clean enough to permit of secondary closure. 

During the period of postoperative care and dressings the flap 
remains wide open. Constant access to the diseased lung tissue is 
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butler— LUSG ABSCESS 
. 1 The cautery mav be employed; any suitable type of dressing 

be utilize. Fi/mlas'are under 
can be reached with comparatne ease. Fron 

s- 

dressings under gis during their period of after-care. It has required 
from ttventv-four to thirtv-nine days to prepare the wound for sec- 
Lidarv closure. The average time has been thirty-tliree and one half 



I'jj;, (j (htaj’o 2). — ,\bsccss area widely opened by blunt scissors, bngers or cau- 
tery; dap is sutured to chest wall, muscle side exposed, and left in this position 
it.r irtiiii jtiur to si.\ weeks until secondary suture can be safely accomplished. 


thiys. i )ne laticul, clo.scil in iwcniy-four days, had to be reopened and 
Mvondarily treatal. He tlicn healed permanently. 


.s'/tjt/.’ 3. — I his is ihe simple anatomic replacement of the flap, 
mtiscle It* tnvi>cle. skin e»ige to skin edge. It is, of course, necessary 
It. ijoV.cu the .^ktn edges, tu release fibrous bands that tend to wrinkle 
the ilip. ;util til isolate the edges of the sectioned muscles. A general 
.i!u-the:ic lia;, been preferred h.r this stage. Safety requires that a 
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drain leading to the damaged lung tissue be left beneath the replaced 
flap. Within a relatively short time this may be discarded. 

Actual experience with this operation at the Robert Packer Hospital 
has been limited to six cases. It was first used in January, 1925. The 
ages of the patients have varied from 2^^ years to 57 (2^^, 40, 45, 48, 
50 and 57). Four cases were diagnosed as abscess of the right lower 



Fig. 7 (end-result). — Flap after secondary suture; the flap in this case had 
been open for thirty-five days. 

lobe, and two of these had ruptured into the pleural cavity, giving rise 
to an empyema as well. One was diagnosed as gangrene of the 
right lower lobe. One was a subphrenic abscess. Two were 
postpneumonic. Three, including the subphrenic abscess, followed an 
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During the after-care cauterization was utilized in two cases. The 
main reliance was placed, however, on careful dressing attention daily, 
or more frequently if necessary, and a firm belief that the increased 
aeration would assure the necessary tissue repair. 

In one case the radical operation was done secondarily to a simpler, 
conservative drainage. The wound had not healed; a fistula had per- 
sisted ; the patient was at a standstill. After the radical operation cure 
rapidly followed. 

The procedure as described is confessedly radical. It may be 
criticized on that account; also because it demands a loss of anatomic 
structures, produces a permanent pliysiologic impairment, requires 
three or more operative steps, and presumably subjects the patient to a 
greater risk. There must be definite advp.ntages to warrant its employ- 
ment, and the net risk must not be prohibitive. The advantages may be 
summed up as : 

1. Free, complete access to all diseased lung tissue, not only at the 
time of operation but throughout the entire period of after-care. 

2. Ffee aeration of infected lung tissue. 

3. Minimized risk of cellulitis of chest wall. 

4. It is well tolerated by the patient and not painful. 

5. Ultimate healing is more certain by virtue of the thoracoplasty 
which is really done at the time of the operation. 

Time and further experience alone can determine the advantages 
and disadvantages of such a procedure and settle its merits. Only the 
future can evaluate the mortality risk, the subsequent incidence of 
chronicity, and the prospect of cure or benefit. This is mei'ely a pre- 
liminary report. With the accumulation of additional data it is antici- 
pated that a full critical study can soon be presented. 



CERVICAL SYMPATHECTOMY 

A KEVIEW OK THE LITERATURE* , 

W. BLAIR MOSSER, M.D. 

PHILADELPHIA 


Surgical inierventioii with the cervical sympathetic nervous system 
is a much older procedure than is generally recognized. Prior to 1896 
'I’hoinas Jonnesco had ]ier formed an operation on the cer\dcal sympa- 
theiics in forty-three cases of epilepsy and eight cases of exophthalmic 
goiter.^ I le gave very incomplete results, but in 1906 he again compiled 
and published a total of 159 cases in an article read before the German 
Surgical Congress,- many of which had been carefully studied and 
conscientiously followed. In this paper he reported twelve of 117 cases 
of idiopathic epilepsy absolutely cured, twenty-five cases of exophthalmic 
goiter completely recovered and two cases of tic douloureux, one of 
which was relieved for four years and the other for six months. The 
rejiort of the two cases of tic was probably stimulated by Jaboulay’s sug- 
gestion as early as 1899, when he also first suggested the procedure in 
exophthalmic goiter. 

The case reports of epilepijy with recovery of the remarkable number 
of 10 per cent would seem to be one of the most noteworthy publications 
of the first part of the century and compares favorably with the 213 cases 
compiled by Winter ^ a few years previously from several clinics, with 
6.6 per cent of cures as compared to 0.79 per cent of cures by con- 
M-rvative ireaimeni in a control series of 1,300 cases. Exception, how- 
ever, has freijueiitiy been taken to the method of judging final results. 
.\.s early as 1901, after a careful review of the whole matter. Brown * 
declared the operation to be of no value and comparatively lately 
llnming ^ has again condemned the procedure. 

In theory Jonne.scu and Jaboulay agree that interruption of the con- 
tiiiuiiy of the sympathetic system in the cervical region paralyzes 
v.-jM (Constrictor intlueiices, thus leading to a congestion of the motor 
cortex of the brain through passive dilatation of the cerebral vessels. 
I his deduction was <lue. no dotibt, to the very evident connection found 


• l-iv in tlie Dvp;,rtim-m oi Siiruvry. University of 
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between the sympathetic ganglions and the internal carotid artery. ' They 
seem to disregard, however, that all investigations, anatomic and 
physiologic, tend to prove that the cerebral vessels, whether the brain 
is normal or abnormal, are entirely free of vasomotor influences. Their 
results, therefore, would seem to be unsound in principle, unsubstantiated 
by experimentation and dubious in actuality. Jonnesco himself appears 
to have recognized the fallacy of his theory, as he discarded the pro- 
cedure soon after his report to the German Surgical Congress. 

Jonnesco’s report of marked improvement in exophthalmic goiter 
following bilateral cervical sympathectomy cannot be contradicted and 
has lately been shown to be based on a sound physiologic principle by 
Reinhard,® who showed by photomicrographs that extirpation of the 
cervical sympathetics of a dog resulted in a reduction of the size of the 
thyroid on the side operated on, and that chronic irritation of the gangli- 
ons induced hypertrophy of the lobe on the side irritated. He therefore 
concludes that “exophthalmic goiter is entirely due to some abnormality 
of sympathetic innervation.” ® Following his experimental work Rein- 
hard has tried sympathectomy in eight cases with progressive decline of 
all symptoms until a complete cure occurred in each case. He excised 
the superior and middle ganglions with extirpation of the cervical trunk. 
He observed no ill effects.® Deaver in 1902 reported several cases so 
treated with marked improvement but, following an unexplainable death 
in two of his series, he abandoned the procedure. 

It is interesting to note that at about the time the controversy con- 
cerning the efficacy of sympathectomy in thyroid disease was at its height 
ligation of the arterial supply of the gland was first proposed and later 
became widely adopted, without, however, any apparent thought that 
the two procedures may have any connection until Crile only in recent 
years advocated this theory. It is now, I think, the universal opinion 
that the improvement from polar ligation is due to interruption of the 
sympathetic nerve supply and not to any interference with the mechanical 
distribution of the thyrotoxic products. This certainly appears to be 
the most logical explanation of the benefits of ligation, as it is incon- 
ceivable to suppose that a gland having the rich vascular anastomoses 
possessed by the thyroid could be materially influenced by merely ligating 
its large vessels, either in its nutrition, its metabolic activity, or by 
mechanically hindering the distribution of the comparatively minute 
amounts of thyroxin secreted daily. Since, then, the only communication 
between the cervical sympathetics and the thyroid is through the peri- 
arterial sympathetics, it would seem to be a much more logical procedure 
to interrupt this communication by an operation having practically no 
mortality than to subject the patient to one having an admittedly high 


6. Reinhard, \V.: Deutsche Ztschr. f. Chir. 180:170 (June) 1923. 
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one. However, it still remains for some one actually to prove that the 
benefits from ligation are due to sympathetic interruption by performing 
arterial decortication of the thyroid vessels, with careful subsequent 


observation. , t l i 

We cannot, of course, disregard the cases of Remhard, Jaboulay 

and jonnesco in which absolute cure was asserted, especially since the 
most ardent advocate of ligation can claim a cure in only a very small 
percentage of cases, this operation being used only as a preparation for 
thyroidectomy. Since, then, a certain percentage of cures can be attained 
by avulsion of the cervical ganglions the question naturally arises as 
to whether this operation should supplant thyroidectomy. Klose and 
Helhvig' of Berlin have recently reviewed the whole matter with the 
careful clinical study of many cases and have come to the conclusion 
that cervical sympathectomy for exophthalmos may be of some value 
in severe cases but does not compare with thyroidectomy. This seems to 
be the general opinion of the great majority of surgeons who are doing 
“goiter work.” 

From 1905 to 1915 there was a distinct decline of interest in 
sypathectomy but in 1916 interest was again revived when Jonnesco 
first tried the operation as a treatment for angina pectoris. The 
inspiration cannot be attributed to Jonnesco, however, for as early as 
1899 Franv'ois Franck first suggested severance of the sympathetic 
nervous supply of the heart as a rational procedure in angina,® Neither 
he nor anyone else, however, attempted the operation until seventeen 
years later when Jonnesco selected a well marked and typical case and 
put the thought into execution. This case, with reference to four 
others, was reported in 1920.® His patient was a man of 38, having 
typical angitial pains at frequent intervals. He was free of a syphilitic 
history. The operation consisted of ablation of the middle and inferior 


cervical ganglions and of the first thoracic ganglion, together with 
avuhion of the cervicothoracic cord between these levels. The operation 
was Confined to the left side. The patient showed no ill effects, con- 


vaK•^ccd raiiidly .and was immediately relieved of all symptoms. This 
rchef had been permanent over a lour year period when the case was 
jeportnl. ( )ne year later Jonnesco reported the same case at which time 
he piotuiimced u as a cure,’® and a few months subsequent to this he 
uponed m detail progre.ssive improvement, but not absolute cure of 
his vveond patient, a man of 54 with typical anginal pains, six months 
ti'..it\vn;g ih.e >aine oper.ation.*' 


.s 
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680 


ARCHIVES OF SURGERY 


The immediate results of these articles was to stimulate a renewed 
interest in the physiology, distribution and pathologic physiology of the 
cervical sympathetics. These investigations, however, were self-limited ; 
first, because of the impossibility of producing the disease in animals 
and, second, because of the different anatomic arrangement and distri- 
bution of the sympathetics as found in the lower animals. Meltzer in 
1920 excised the entire cervical gangliated chain in twenty-eight rabbits 
and eighty-three cats. Of these, twenty-five rabbits died within ten days 
and two cats within three days. With the exception of four all of the 
animals subsequently died, and of the four surviving ones two gave 
a negative paradoxic eye reflex, showing that the ganglions were not 
completely removed. Montgomery,^- on the other hand, at about the 
same time reported that practically all his animals (cats, rabbits and 
rats) survived total ablation without any untoward symptoms. He 
concluded that complete ablation can only be asserted after histologic 
examination and not by physiologic methods. He also concluded that 
the sympathetic chain has in itself no endocrine function. Jonnesco, 
too, refutes Meltzer’s analogy by stating that in more than 200 patients 
operated on between 1896 and 1923 he had never observed such disasters 
in human beings, either during or after the operation, as were observed 
in animals. 

Following Jonnesco’s two cases Tuffier reported a third case follow- 
ing the s^une technic, with marked improvement.^“ Both these men 
insisted that only by severance of the cord below the superior ganglion 
could the impulse be interrupted. Bruning,^* however, disagreed with 
with this view and, disregarding the fact that the superior ganglion 
has apparently no connection with the brain, he advocated its removal. 
His case, which was the fourth reported, was treated by complete 
ablation of the three cervical ganglions and the first thoracic. He 
reported complete relief of S3nnptoms with lowering of the blood 
pressure. 

Following these reports the literature has been abundant with case 
reports of complete or partial relief by performing Jonnesco’s original 
operation. Borchard reported operation in a man of 54 with com- 
plete relief until death three weeks later. In our own country Reid 
and Friedlander of Cincinnati have carefully observed their first two 
reported cases with symptomatic relief in both, and Smith and McClure 

12. Montgomery, M. L. : Endocrinology 7:74 (Jan.) 1923. 
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